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INTRODUCTION 

This  is  the  final  report  covering  results  of  the  investigation  of 
protective  coatings  for  steel  piling  applied  and  cured  before  being 
subjected  to  a marine  environment.  The  candidate  coating  systems  were 
applied  to  simulated  steel  pilings,  which  were  suspended  from  the  cor- 
rosion dock  in  the  mouth  of  the  harbor  at  Port  Hueneme,  California. 
Exposure  times  varied  from  9 to  21-1/2  years.  This  report  is  to  be  used 
in  conjunction  with  TR-711  [1],  which  it  supplements. 


TEST  PROCEDURE 
Laboratory  Tests 

Most  of  the  coating  systems  included  in  this  investigation  were 
analyzed  to  determine  compositional  and  physical  properties.  These 
included  percentage  by  weight  of  nonvolatile  solids,  pigment,  nonvolatile 
vehicle,  ash,  weight  per  gallon,  specific  gravity,  and  consistency  or 
viscosity  in  Krebs  units.  Methods  used  and  results  of  the  analysis  are 
presented  in  Reference  1. 

Field  Tests 

The  simulated  steel  piling  used  as  the  substrate  in  this  investi- 
gation were  1/4-inch  by  4-inches  by  10-feet  in  size.  Coated  panels  were 
suspended  from  the  corrosion  dock  in  the  mouth  of  Port  Hueneme  Harbor  so 
that  the  top  portion  of  the  10-foot  panels  was  exposed  to  the  atmosphere 
(zone  a).  The  middle  portion  was  exposed  to  tidal  changes  (zone  b),  and 
the  bottom  portion  was  completely  submerged  (zone  c).  Descriptions  of 
the  coating  systems  still  exposed  after  publication  of  Reference  1 are 
given  in  Appendix  A.  Names  and  sources  of  these  coating  materials  are 
given  in  Reference  1 as  is  more  detailed  information  on  panel  prepara- 
tion, coating  application,  and  exposure  conditions. 


EVALUATION  PROCEDURE 

The  coating  systems  were  evaluated  and  rated  periodically  to  deter- 
mine their  performance.  Coating  system  performance  characteristics  were 
rated  according  to  appropriate  ASTM  photographic  reference  standards 
when  these  were  available.  These  ratings  were  assigned  to  each  of  the 
exposure  zones  - a,  b,  and  c.  ASTM  standards  are  available  for  chalk- 
ing, checking,  cracking,  blistering,  and  rusting.  These  methods  use  a 
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rating  of  10  to  indicate  a perfect  coating  system  without  defects,  while 
0 indicates  a coating  that  has  failed  completely  in  the  rated  area. 

Where  applicable,  ratings  were  also  assigned  to  other  film  failure 
characteristics  or  environmental  conditions  such  as  flaking,  fouling 
attachment,  fouling  damage,  pitting  (and  galvanic  corrosion),  and 
undercutting.  More  detailed  information  on  rating  criteria  and  methods 
is  presented  in  Reference  1. 

Since  the  ultimate  objective  of  this  project  was  to  determine  how 
well  a given  coating  system  protects  the  steel  substrate  from  rusting,  a 
protection  rating  was  assigned  to  each  of  the  three  zones  of  each  coated 
panel.  This  protection  rating  was  often  the  same  as  the  ratings  assign- 
ed to  rusting,  since  this  latter  factor  was  more  heavily  weighted  than 
any  of  the  others  in  determining  the  ability  of  the  coatings  to  protect 
the  steel.  In  some  cases  this  protection  rating  differed  from  that 
assigned  to  rusting,  indicating  that  one  or  more  of  the  other  coating 
deterioration  factors  had  progressed  to  the  point  where  the  protection 
rating  of  the  coating  system  was  lowered. 

When  a coating  system  had  deteriorated  to  the  extent  that  the 
protection  rating  in  one  zone  was  5 or  less,  or  that  two  of  these  zones 
were  rated  7 or  less,  the  system  was  considered  to  have  failed  and  was 
removed  from  the  test.  In  a few  exceptional  cases,  a coating  in  one 
zone  was  assigned  a protection  rating  of  5,  and  the  same  coating  in  the 
other  two  zones  was  in  excellent  condition.  In  these  cases,  the  panels 
were  exposed  longer.  Ratings  are  tabulated  in  Appendix  B,  presented  in 
graphic  form  in  Figure  1,  and  discussed  in  detail  later  in  the  report. 


SCOPE  OF  THE  STUDY 

Due  to  the  large  number  of  panels  exposed,  the  panels  were  grouped 
initially  in  various  series  for  convenient  presentation.  Inclusion  of 
panels  within  a given  series  was  determined  by  the  type  of  panel,  coat- 
ing system,  and  chronological  order  in  which  the  panels  were  exposed. 

In  Series  1 the  coatings  were  applied  to  2-1/2-inch  by  10-foot  angle- 
iron  panels;  the  remaining  series  were  applied  to  1/A-inch  by  4-inch  by 
10-foot-long  steel  panels.  Systems  that  were  reported  as  having  failed 
in  the  earlier  reports  are  not  included  in  this  current  supplement. 

Thus,  only  those  systems  are  listed  and  described  that  were  still  perform- 
ing satisfactorily  when  Reference  1 was  published.  The  various  series 
are  listed  below: 

Series  1 - System  numbers  between  1 and  15  that  remain  on  exposure. 
This  was  the  first  group  of  panels  that  was  exposed  and  consisted  of 
various  coating  systems  applied  to  the  panels  exposed  on  the  corrosion 
dock.  Only  3 of  the  original  15  systems  are  reported. 

Series  2 - System  numbers  between  16  and  55  that  remain  on  ex- 
posure. This  series  consisted  of  4-inch  by  10-foot  panels  in  which  10 
coating  systems  had  each  been  applied  over  four  different  surfaces.  The 
four  different  surface  treatments  were: 
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a.  Sandblasted  steel 

b.  Formula  117  pretreatment  primer  over  sandblasted  steel 

c.  Flame-sprayed  zinc  wire  over  sandblasted  steel 

d.  Flame-sprayed  aluminum  wire  over  sandblasted  steel 

Only  10  of  the  original  40  panels  were  performing  satisfactorily  and  are 
included  in  this  report. 

Series  4*  — System  numbers  between  66  and  86  that  remain  on  ex- 
posure. These  were  the  same  systems  that  were  applied  to  the  coated 
steel  piling  reported  in  Reference  2.  These  coating  systems  were  ap- 
plied to  the  4-inch  by  10-foot  panels  at  the  same  time  they  were  applied 
to  the  steel  piling.  Only  three  of  these  systems  remained  exposed  and 
are  reported  here. 

Series  5 — System  numbers  between  87  and  127  that  remain  on  ex- 
posure. This  series  consisted  of  various  generic  types  of  coating 
systems  applied  to  sandblasted  steel  panels  initially  exposed  over  a 
period  of  years  on  the  corrosion  dock.  Twenty-four  of  41  systems  are 
reported  here. 

Series  6 — Systems  128  through  144.  This  series  consisted  of 
various  self-cured  and  post-cured  zinc  inorganic  silicate  coatings 
overcoated  with  a Navy  vinyl-alkyd  system**  and  with  a manufacturer- 
recommended  coating  system. 

Series  7 — Systems  145,  145a  through  148,  148a.  These  systems 
consisted  of  catalyzed  polyester  resin  coatings,  most  of  which  were 
filled  with  either  fiberglass  or  flakeglass. 

Series  8 — Systems  149  through  169.  This  series  consisted  of 
several  zinc-filled  epoxies,  each  of  which  was  overcoated  with  a manufacturer- 
recommended  coating  system,  an  aluminum  vinyl  system,  a vinyl  mastic 
system,  and  saran. 

Many  of  the  above  coating  systems  were  also  exposed  on  10-foot 
angle  iron  panels  driven  into  the  surf  at  Port  Hueneme  Harbor.  However, 
these  systems  sustained  very  heavy  damage  during  a severe  storm  immedi- 
ately following  publication  of  TR-711.  As  a result,  Reference  1 con- 
tains the  final  available  data  on  these  systems. 


RESULTS  AND  DISCUSSION 

Performance  of  the  various  systems  exposed  on  the  corrosion  dock  is 
described  in  this  report.  Ratings  indicating  the  performance  of  the 
coating  systems  are  listed  in  Appendix  B and  discussed  in  the  following 
section  according  to  the  series  in  which  they  were  exposed;  their  per- 


Series  3 consisted  of  metal-pigmented  organic  and 
inorganic  coatings,  all  of  which  were  reported  as 
failed  in  Reference  3. 

Hereafter,  generally  referred  to  as  a "vinyl  system" 
for  brevity. 
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formance  is  also  presented  graphically  in  Figure  1.  For  ease  of  compari- 
son, bar  graphs  are  used  to  depict  the  average  protection  ratings  for 
the  systems  in  which  the  systems  are  grouped  according  to  their  generic 
type.  Bar  graphs  for  a few  of  the  systems  have  been  repeated  when  it 
was  desirable  to  present  them  under  more  than  one  generic  type  or  head- 
ing. Thus,  bar  graphs  are  given  for  Systems  36,  37,  and  38  under  both 
"Phenolics"  and  "Coatings  Applied  to  Different  Surface  Treatments." 

While  ratings  tabulated  in  Appendix  B are  given  only  for  the  period 
following  publication  of  TR-711,  the  bar  graphs  in  Figure  1 illustrate 
performance  for  the  total  exposure  period. 

In  Figure  1,  the  degree  of  system  deteriorating  or  failure  is 
denoted  by  a series  of  parallel  lines  within  the  bar.  If  the  system  was 
providing  complete  protection,  the  bar  is  only  an  outline.  Within  a 
given  bar,  and  thus  in  a given  system,  the  first  line  from  the  baseline 
of  the  graph  indicates  the  approximate  time  of  initial  system  deteriora- 
tion (rusting).  As  the  system  deteriorates,  the  lines  within  the  bar 
become  progressively  closer  together;  a completely  darkened  area  at  the 
end  of  the  bar  represents  failure  and  removal  of  the  system  from  ex- 
posure. It  should  be  noted  that,  if  a system  provided  relatively  good 
protection  to  the  panel,  the  spacing  between  the  end  of  the  bar  graph 
and  the  line  immediately  next  to  it  is  not  significant.  Zones  in  which 
failure  occurred  are  listed  at  the  top  of  the  bar  graph  for  the  cor- 
rosion dock  panels. 

In  the  discussion  of  the  performance  of  the  systems  that  follows, 
protection  ratings  for  the  three  exposure  zones  are  often  given  without 
further  identification;  for  example,  a rating  of  10,9,9  indicates  the 
protection  ratings  assigned  for  zones  a (atmospheric),  b (tidal),  and  c 
(submerged),  respectively. 


SERIES  1 - ANGLE  IRON  PANELS  SUSPENDED  FROM 
CORROSION  DOCK 

The  three  systems  of  this  series  that  remain  exposed  are  System  10 
(saran,  6 mils,  applied  by  brush);  System  13  (flame-sprayed  aluminum 
powder,  4.5  mils);  and  System  15  (flame-sprayed  aluminum  wire,  5.0 
mils).  These  three  systems  provided  complete  protection  to  the  steel 
panels  for  6 to  7 years  and  varying  protection  with  continued  exposure. 

Saran 


The  saran-coated  panel  (System  10)  exhibited  very  light  rusting  and 
pitting  in  zone  c after  7 years.  Continued  deteriorating  of  this  system 
was  very  gradual.  It  was  not  until  between  the  18-1/2  and  19-1/2  year 
exposure  period  that  the  protection  rating  dropped  below  the  10,9,8  that 
had  been  assigned  after  15-1/2  years  of  exposure.  Pitting  gradually 
became  more  severe,  particularly  in  zone  c while  blistering  remained 
light  in  all  three  zones.  After  21-1/2  years  of  exposure,  this  saran 
system  was  performing  relatively  well  in  zones  a and  b,  had  failed  in 
zone  c and  was  rated  as  10,8,7. 
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Flame-Sprayed  Aluminum 

System  13,  the  flame-sprayed  aluminum  powder,  performed  extremely 
well  during  the  21-year  exposure  period.  Very  gradual  dissolution  of 
the  flame-sprayed  aluminum  from  zones  b and  c permitted  light  rusting 
and  light  pitting  in  zone  c.  After  21  years  of  exposure,  the  protection 
rating  assigned  was  10,9,9. 

The  flame-sprayed  aluminum  wire.  System  15,  had  failed  after  15 
years  of  expos.ure  (rated  9,8,5)  because  of  the  protection  rating  of  5 in 
zone  c.  However,  it  had  remained  exposed  because  of  moderately  good 
performance  in  zones  a and  b (see  Reference  1).  Because  much  of  the 
aluminum  metal  had  been  removed  in  zones  b and  c,  rusting  and  galvanic 
corrosion  were  quite  heavy,  particularly  in  zone  c.  After  16  years  of 
exposure,  this  system  was  rated  at  9,5,2  in  the  three  zones  and  was 
removed  from  the  test. 


SERIES  2 - SYSTEMS  APPLIED  OVER  FOUR  DIFFERENT 
SURFACE  TREATMENTS 

This  series  originally  consisted  of  10  different  coatings  of  coat- 
ing systems  applied  over  four  different  surface  treatments.  The  objec- 
tive was  to  find  the  surface  treatment  most  effective  in  a combination 
coating  system.  Of  the  original  40  panels  exposed,  only  10  systems 
remained  exposed  following  publication  of  TR-711  [1].  Six  of  these  ten 
systems  have  failed  in  the  ensuing  exposure  period.  Of  the  coatings 
applied  directly  to  bare  steel  or  over  Formula  117 , three  are  still 
providing  moderate  protection  after  20  years  of  exposure;  i.e..  System 
17  (saran  over  Formula  117),  System  36  (Phenolic  mastic  over  bare  steel), 
and  System  37  (Phenolic  mastic  over  Formula  117).  The  fourth  system 
still  providing  moderately  good  protection  to  the  steel  substrate  after 
20  years  is  System  22  (Formula  119  over  flame-sprayed  zinc). 

Saran 


Of  the  three  sarans.  System  16  (saran  over  bqre  steel)  and  System  17 
(saran  over  Formula  117)  degraded  at  about  the  same  rate.  System  16 
exhibited  more  galvanic  corrosion  and  pitting  in  zone  c and  undercutting 
along  edges  than  did  System  17.  This  is  attributed  to  the  wash  primer 
(Formula  117)  of  System  17,  acting  as  an  inhibitive  primer.  After  20 
years  of  exposure.  System  16  was  rated  9,6,5  and  had  failed  while  System  17 
was  still  providing  moderate  protection  in  two  out  of  three  zones  and 
was  rated  9,8,7.  Although  System  16  has  been  used  as  a standard  in  this 
study,  it  is  no  longer  available  since  the  specification  covering  the 
material  has  been  canceled.  System  18  (saran  over  flame-sprayed  zinc) 
provided  better  protection  for  a longer  period  but  had  also  failed  by 
the  20-year  exposure  period.  It  was  assigned  a protection  rating  of 
10,8,5  at  that  time.  It  was  noted  that  although  black  rust  products 
were  observed  in  zones  b and  c,  no  galvanic  corrosion  or  pitting  was 
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evident.  This  was  attributed  to  sacrificial  action  of  the  flame-sprayed 
zinc  coating.  Also,  this  system  was  providing  complete  protection  to 
the  steel  in  the  atmospheric  zone. 

Vinyls 

System  22  (Formula  119  over  flame-sprayed  zinc)  and  System  34 
(vinyl  finish  over  flame-sprayed  zinc)  were  the  only  vinyls  remaining  on 
exposure  when  the  series  was  last  reported  [IJ.  At  that  time,  System  34 
was  near  failure  and  had  failed  after  15  years  of  exposure  with  a pro- 
tection rating  of  9,6,5.  The  coating  was  badly  deteriorated  in  zones  b 
and  c,  permitting  general  rusting  along  with  pitting  and  galvanic  cor- 
rosion. System  22,  however,  was  still  providing  relatively  good  protec- 
tion and  was  rated  9,9,8  after  20  years  of  exposure.  Although  the  vinyl 
topcoat  showed  moderate  to  dense  blistering,  good  protection  was  still 
being  provided  by  the  flame-sprayed  zinc. 

Phenolic  Mastic 

At  the  conclusion  of  the  20-year  exposure  period,  all  three  pheno- 
lic mastic  systems  were  still  in  the  program;  i.e..  System  36  (Phenolic 
mastic  over  bare  steel).  System  37  (Phenolic  mastic  over  Formula  117) 
and  System  38  (Phenolic  mastic  with  mica  filler  over  bare  steel). 
However,  at  the  last  rating  period.  System  38  was  rated  5,9,8  and  had 
failed  due  to  medium  to  heavy  undercutting  by  rust  in  the  atmospheric 
zone  (zone  a).  As  noted  previously  [1],  undercutting  is  usually  not 
characteristic  of  this  phenolic  system.  Systems  36  and  37  were  provid- 
ing about  the  same  degree  of  protection  to  the  steel  substrate  after  20 
years;  System  36  was  rated  as  8,9,8,  while  System  37  was  rated  9,9,8. 
Thus,  the  wash  primer.  Formula  117,  did  not  add  appreciably  to  the 
performance  of  this  system. 

Epoxy 


System  42  (epoxy  over  flame-sprayed  zinc)  was  the  only  epoxy  remain- 
ing at  the  beginning  of  this  reporting  period.  Blistering  of  the  epoxy 
system  from  the  flatae- sprayed  zinc  continued  to  be  a problem  and  was 
rated  few  to  medium  dense  in  the  three  zones.  As  these  blisters  rup- 
tured, the  zinc  coating  corroded,  eventually  permitting  light  rusting 
and  pitting  in  zone  c.  After  20  years,  this  system  was  assigned  a 
protection  rating  of  7,9,7,  denoting  failure,  and  was  removed  from  the 
test. 

Furan 


System  50  (furan  over  flame-sprayed  zinc)  was  the  only  furan  system 
remaining  at  the  beginning  of  this  exposure  period.  However,  at  that 
time,  the  system  was  nearing  failure  because  of  medium  to  dense  blister- 
ing and  corrosion  of  the  zinc  coating  and  steel  substrate.  This  system 
was  rated  7,7,8  after  16  years  of  exposure,  was  considered  to  have 
failed  and  was  removed  from  the  test. 
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Summary  of  Series  2 Systems 

Only  four  of  the  ten  systems  of  Series  2 still  exposed  following 
publication  of  Reference  1 were  performing  satisfactorily  after  20  years 
of  exposure.  These  were  Systems  17,  System  22,  System  36  and  System  37. 
All  four  of  these  systems  were  superior  to  the  saran  standard  (System  16) 
in  performance.  Systems  22,  36  and  37  performed  similarly  while  System  17 
was  only  slightly  less  effective. 

Systems  18,  38,  and  42  were  all  equal  in  performance  to  the  test 
standard  (System  16) , while  both  Systems  34  and  50  provided  less  effec- 
tive protection  than  the  standard.  Of  the  four  surface  treatments 
investigated  in  this  series,  the  flame-sprayed  zinc  appears  to  be  most 
effective.  Five  ot  the  ten  topcoat  systems  investigated  in  this  series, 
when  applied  over  the  flame-sprayed  zinc  coating,  extended  the  life 
expectancy  of  the  zinc  about  four  times. 


SERIES  4 - COATING  SYSTEMS  TESTED  IN  FULL-SCALE 
PILING  TEST  [4,5] 

The  three  coating  systems  in  this  series  that  remained  exposed 
after  publication  of  TR-711  are  System  71  (vinyl  mastic) , System  72 
(phenolic  mastic)  and  System  84  (flame-sprayed  aluminum) . 

Vinyl  Mastic 

System  71  has  remained  exposed  longer  than  any  of  the  other  vinyls . 
However,  after  18-1/2  years  of  exposure,  this  system  exhibited  varying 
degrees  of  blistering,  undercutting  by  rust,  galvanic  corrosion,  and 
pitting,  particularly  in  zones  b and  c.  The  system  was  rated  9,6,7,  was 
considered  to  have  failed,  and  was  removed  from  the  test. 

Phenolic  Mastic 

System  72  was  composed  of  a mica-filled  phenolic  mastic  primer  and 
a phenolic  mastic  finish  coat  and  was  essentially  identical  to  System  38. 
This  system  performed  very  well  over  the  years,  generally  exhibiting  only 
light  blistering  and  rusting.  After  18-1/2  years  of  exposure,  perfor- 
mance of  the  system  was  relatively  good,  and  it  was  rated  8,9,8. 

Flame-Sprayed  Aluminum  Wire 

The  protection  provided  to  the  steel  substrate  by  System  84  has 
been  very  good.  While  aluminum  has  been  consumed  by  seawater,  particu- 
larly in  zone  b,  the  system  is  rated  9,8,9  after  18-1/2  years  of  ex- 
posure. Although  not  quite  as  effective  as  System  13,  a flame-sprayed 
aluminum  powder,  it  still  is  a good  performer. 
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Summary  of  Series  4 Systems 

It  is  interesting  to  note  that  Systems  71  and  72  were  two  of  the 
three  best  systems  tested  in  the  longer-term  field  tests  of  coating 
systems  [4,5]  in  which  eight  coating  systems  applied  to  steel  sheet  and 
"H"  piles  were  exposed  at  Port  Hueneme  and  Guam  for  periods  ranging  from 
6 to  48  months.  System  84  was  not  included  in  these  longer-term  tests. 
The  data  suggest  that  results  obtained  from  simulated  piling  on  the 
corrosion  dock  correlate  relatively  well  with  full-scale  field  tests  in 
determining  coating  systems  having  superior  performance. 


SERIES  5 - COATING  SYSTEMS  OF  VARIOUS  GENERIC  TYPES 

This  series  originally  consisted  of  41  coating  systems  of  various 
generic  types  that  were  exposed  at  different  times  over  a 6-year  period. 
Twenty- four  of  these  remained  exposed  at  the  time  Reference  1 was  pub- 
lished. These  included  coal  tar-resin  blends,  epoxies , miscellaneous 
(the  remaining  system  being  a chlorosulfonated  polyethylene),  phenolics, 
urethanes , and  vinyls . Data  on  the  performance  of  these  systems  are 
presented  and  discussed  below  according  to  generic  type. 

Coal  Tar-Resin  Blends 

This  group  consists  of  five  amine-cured  coal  tar-epoxies  - Systems  87, 
103  (aluminum-pigmented  finish  coat),  108,  117,  and  118  - all  of  which 
are  providing  moderately  good  protection  to  the  steel  substrates  after 
exposure  periods  of  13-1/2  to  17  years.  System  114,  a coal  tar-urethane, 
had  failed  after  14-1/2  years  of  exposure. 

The  coal  tar-epoxies  appear  to  be  one  of  the  better  generic  types 
of  coating  systems  for  protecting  steel  piling  in  seawater.  Systems  103, 
117,  and  118  were  providing  very  good  to  excellent  protection  at  the 
conclusion  of  the  test.  System  103  was  providing  nearly  perfect  protec- 
tion after  16  years  (rated  10,10,10)  while  Systems  117  and  118  were  only 
slightly  less  effective,  receiving  protection  ratings  of  9,9,9  (14-1/2 
years),  and  9,9,10  (13-1/2  years),  respectively.  Systems  87  and  108 
were  closer  to  failure,  being  rated  as  7,9,8  (17  years)  and  7,9,9 
(15-1/2  years),  respectively.  The  reason  for  more  rapid  degradation  of 
Systems  87  and  108  can  be  attributed  to  the  fact  that  they  were  only 
one-half  to  three-fourths  the  thickness  of  the  other  three  systems.  Had 
they  been  applied  at  16  to  18  mil  thicknesses,  they  may  have  performed 
as  well  as  the  other  systems  in  this  group. 

All  coal  tar-epoxies  appear  to  degrade  in  a similar  manner.  That 
is,  blistering  and  undercutting  by  rust  occurs  adjacent  to  a sharp  edge 
or  an  area  where  the  coating  has  been  mechanically  damaged.  Also,  it  is 
not  uncommon  to  find  adhesion  problems  with  these  materials  where  the 
finish  coat  flakes  from  the  undercoat.  This  latter  problem  is  attribu- 
ted to  the  undercoat  curing  for  too  long  a period  prior  to  application 
of  the  finish  coat. 
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System  114,  the  coal  tar-urethane,  did  not  become  quite  as  hard 
(and,  hence,  as  brittle)  as  the  coal  tar-epoxies.  As  a result  this 
coating  was  subject  to  light  fouling  damage  in  zones  b and  c as  well  as 
light  to  moderate  blistering  in  all  three  zones.  After  14-1/2  years, 
this  system  was  rated  5,7,9,  had  failed,  and  was  removed  from  test. 

Epoxies 

This  group  consists  of  two  polyamide- cured  epoxies  (Systems  109  and 
110)  and  six  amine-cured  epoxies  (Systems  97,  100,  101,  116,  123  and 
124) . Systems  109  and  110  were  identical  except  that  System  110  included 
a tetrafluorethylene  emulsion  topcoat  which  increased  the  system  thickness 
by  1 mil.  The  topcoat  was  added  to  find  if  such  a surface  would  reduce 
the  amount  of  fouling  attachment.  While  fouling  attachment  was  reduced 
initially  on  System  110,  it  was  normal  by  the  beginning  of  this  last 
exposure  period. 

Both  Systems  109  and  110  performed  similarly  for  about  13  years, 
showing  light  to  moderate  blistering,  light  rusting  (particularly  along 
edges),  and  light  undercutting  by  rust.  However,  the  coating  in  the 
atmospheric  zone  of  System  109  degraded  rapidly  thereafter;  after  an 
exposure  of  15-1/2  years.  System  109  had  failed,  was  rated  5,9,9,  and 
was  removed  from  the  test.  System  110  was  rated  8,9,9  at  the  conclusion 
cf  the  test.  The  somewhat  better  protection  provided  by  System  110  is 
attributed  to  its  slightly  greater  thickness. 

Two  of  the  six  remaining  amine-cured  epoxies  - Systems  97  and  124  - 
failed  during  this  final  exposure  period.  Both  systems  exhibited  mediiun 
to  dense  blistering  in  all  three  zones  and  progressively  heavier  under- 
cutting by  rust  in  the  atmospheric  zone  with  continued  exposure.  A 
yellow  fluid  was  noted  under  blisters  on  System  124  which  suggests  that 
the  zinc  chromate  pigmented  primer  tended  to  solubilize  slightly,  form- 
ing the  blisters.  System  124  also  exhibited  galvanic  corrosion  in 
zone  c.  System  97  had  failed  after  16  years  of  exposure  and  was  rated 
5,8,8;  failure  of  System  124  occurred  after  12-1/2  years,  when  it  was 
rated  5,8,9. 

System  100,  a zinc-filled,  amine-cured  epoxy,  was  nearing  failure 
after  16  years  of  exposure,  at  which  time  it  was  rated  9,8,7.  This 
system  showed  pinpoint  rusting  in  all  zones.  Much  of  the  zinc  in  zone  c 
had  been  consumed,  permitting  heavy  rusting  in  this  area  of  total  immer- 
sion. The  blisters  of  agglomerated  zinc  pigment  particles  noted  earlier 
[1]  were  corroding  and  permitting  rusting  of  the  underlying  steel  sub- 
strate. 

Systems  101  and  116  were  providing  about  the  same  degree  of  pro- 
tection to  the  simulated  steel  piling  although  System  101  had  been 
exposed  for  16  years,  while  System  116  had  been  exposed  only  14-1/2  years. 
At  the  conclusion  of  this  exposure  period  both  were  rated  9,9,8.  However, 
their  modes  of  deterioration  were  somewhat  different.  System  101  showed 
light  to  heavy  checking  over  the  panel  surface  and  moderate  fouling 
damage  where  the  topcoat  had  been  removed  from  the  primer  by  barnacles. 
Both  systems  exhibited  light  blistering,  light  pinpoint  rusting,  and 
heavier  coating  deterioration  and  rusting  along  the  panel  edges. 
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The  best  protection  in  the  epoxy  group  was  shown  by  System  123,  an 
epoxy  phenolic  material.  The  only  deterioration  observed  on  this  system 
for  the  first  10-1/2  years  of  exposure  was  light  to  moderate  blistering. 
Between  10-1/2  and  11-1/2  years  of  exposure,  light  pinpoint  rusting 
emerged.  However,  after  12-1/2  years  of  exposure  on  the  corrosion  dock, 
this  system  was  still  providing  very  good  protection  to  the  steel  sub- 
strate and  was  rated  10,9,9. 

Miscellaneous  (Synthetic  Rubber) 

Only  one  panel  remained  exposed  in  this  group  following  publication 
of  Reference  1:  System  99,  a chlorosulfonated  polyethylene  coating. 

This  system  was  near  failure  at  the  beginning  of  this  exposure  period 
(11  years)  and  did  not  change  appreciably  for  the  entire  6-year  period. 
The  protection  rating  assigned  f''r  the  entire  period  (and  at  the  con- 
clusion of  16  years  of  exposure)  was  8,6,8.  The  major  problem  appeared 
to  be  loss  of  adhesion  of  the  topcoat  which  was  attributed  to  a tendency 
of  the  primer  to  solubilize.  This  factor  also  may  have  been  responsible 
for  the  system's  not  failing  since  the  solubilized  primer  did  tend  to 
inhibit  rusting  underneath  the  topcoat.  The  tendency  to  solubilize  was 
also  probably  responsible  for  the  moderate  to  dense  blistering  that 
occurred  throughout  the  exposure  period. 

Phenolic 

Only  one  phenolic  system  was  exposed  in  this  series.  System  120. 

The  coating  materials  used  in  this  system  were  lower  solids  variations 
of  the  phenolic  mastic  materials  exposed  as  part  of  Series  2 and  4. 

System  120  exhibited  light  to  moderate  blistering  and  a gradual 
increase  in  rusting  during  this  exposure  period.  Galvanic  corrosion 
became  more  severe,  particularly  in  zone  c.  After  13-1/2  years  of 
exposure,  this  system  was  rated  5,9,6,  had  failed,  and  was  removed  from 
test. 

Urethane 

All  four  of  the  urethane  systems  described  in  TR-711  were  still 
exposed  at  the  conclusion  of  this  investigation.  This  included  an 
aluminum  pigmented  urethane  (System  102)  and  three  conventionally  pig- 
mented urethanes  (Systems  112,  122,  and  127). 

These  four  urethane  systems  were  providing  ri^latively  similar 
protection  to  the  simulated  steel  piling  even  tho..gh  exposure  times 
varied  from  11-1/2  to  16  years.  The  best  perforiL^nce  was  shown  by 
System  102,  the  aluminum  pigmented  urethane.  Although  the  aluminum 
pigmented  topcoat  exhibited  light  to  moderate  blistering  from  the  primer, 
particularly  in  zones  b and  c which  removed  much  of  the  topcoat  in  these 
two  zones  as  the  blisters  ruptured,  the  primer  was  still  providing  some 
protection  against  rusting.  After  16  years  of  exposure  this  system  was 
rated  10,9,7. 
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The  topcoat  was  also  removed  from  Systems  112  and  127,  at  least  in 
part  by  barnacles  on  System  112.  This  latter  system  also  exhibited 
light  galvanic  corrosion  and  light  pitting  in  zone  b.  System  127  showed 
light  to  dense  blistering;  where  blisters  had  ruptured,  the  zinc  chromate 
primer  was  providing  some  protection.  System  112  was  rated  9,8,8  after 
14-1/2  years  while  System  127  performed  similarly  and  was  rated  9,9,7 
after  11-1/2  years  of  exposure. 

System  112,  like  System  127,  included  a zinc  chromate  primer.  This 
may  have  been  somewhat  responsible  for  the  light  to  dense  blistering 
that  occurred  with  this  system.  Most  of  the  blisters  at  this  point  in 
the  exposure  were  filled  with  rust  (Type  2)  and  were  rigid.  In  addition, 
the  panel  was  covered  with  light  pinpoint  rusting  and  exhibited  heavy 
rusting  along  the  edges.  This  system  showed  the  poorest  performance  of 
any  of  the  urethanes.  After  13-1/2  years  of  exposure.  System  122  was 
nearing  failure  and  was  rated  7,8,8. 

Vinyls 

This  group  consisted  of  four  vinyls:  System  95  (an  aluminum- 
pigmented  vinyl-thiokol  primer  topcoated  with  a conventional  vinyl 
finish  coat) , System  106  (an  aluminum-pigmented  vinyl  finish  over  conven- 
tional vinyl  primers).  System  115  (a  conventional  vinyl  system),  and 
System  126  (the  Navy  vinyl  system) . These  vinyl  systems  deteriorated  at 
a similar  rate  but  were  all  still  exposed  at  the  conclusion  of  the 
investigation. 

The  relatively  good  performance  of  System  95  in  its  early  exposure 
years  was  attributed  to  the  aluminum-pigmented  vinyl-thiokol  primer  [1]. 
While  this  system  was  rated  9,8,7  at  the  conclusion  of  the  last  exposure 
period  (11-1/2  years  of  exposure) , it  has  deteriorated  very  slowly  with 
continued  exposure  and  was  still  rated  8,8,7  after  16-1/2  years  of 
exposure.  This  relatively  slow  rate  of  system  deterioration  was  also 
attributed  to  the  system's  primer  since  the  total  system  thickness  was 
quite  low  (5.5  mils). 

System  106  was  the  second  vinyl  containing  aluminum  pigment. 
Continued  deterioration  of  this  system  also  has  been  relatively  slow 
since  the  last  exposure  period.  This  deterioration  consisted  of  light 
to  dense  blistering  and  light  rusting  over  the  entire  panel,  and  gal- 
vanic corrosion  and  pitting  in  zone  c.  After  16  years  of  exposure,  this 
system  was  rated  8,8,9. 

System  115  showed  slightly  better  performance  than  the  other  vinyls 
in  this  series.  Deterioration  consisted  of  light  pinpoint  rusting,  and 
light  checking  but  very  little  blistering.  After  14-1/2  years,  this 
vinyl  system  was  rated  9,8,9. 

The  Navy  vinyl.  System  126,  showed  slight  loss  of  adhesion,  pit- 
ting, and  galvanic  corrosion  in  zone  c,  and  light  blistering  over  the 
entire  panel.  After  12-1/2  years,  this  standard  Navy  vinyl  system  was 
rated  9,8,8.  As  mentioned  previously,  the  four  vinyl  systems  have 
performed  and  protected  the  steel  substrate  in  a similar  manner. 
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SERIES  6 - TOPCOATED  ZINC  INORGANIC  SILICATE  COATINGS 


This  series  was  composed  of  several  self-cured  and  post-cured  zinc 
inorganic  silicate  coatings,  each  of  which  was  topcoated  with  the  manu- 
facturer's reconmended  coating  system  and  the  standard  Navy  vinyl  sys- 
tem. Because  the  zinc  inorganic  silicates  are  consumed  relatively  fast 
in  seawater  [3],  they  must  be  topcoated  to  extend  their  effective  ser- 
vice life.  Topcoating  of  these  silicate  primers  can  be  troublesome; 
special  precautions  are  required,  such  as  scrubbing  and  washing  the 
surface  of  the  post-cured  coatings  with  water  prior  to  overcoating,  to 
develop  reasonably  good  topcoat  adhesion.  Also  these  zinc  coatings  must 
be  thoroughly  stirred  during  spray  application  to  prevent  the  heavy  zinc 
pigment  from  settling.  Even  when  such  precautions  are  exercised,  the 
adhesion  of  organic  coatings  to  the  zinc  inorganic  silicate  primers  is 
often  not  comparable  to  that  obtained  for  the  same  organic  system  over 
sandblasted  steel.  As  a result,  this  series  was  exposed  to  find  which 
of  the  zinc  primer-organic  system  combinations  provided  the  best  protec- 
tion to  the  steel  panel.  In  the  following  discussion  the  protective 
characteristics  of  the  manufacturer's  organic  systems  are  compared  to 
these  same  properties  of  the  Navy  vinyl  system  for  each  of  the  inorganic 
zinc  coatings  tested. 

Systems  128  and  129 

System  128  consisted  of  a self-cured  zinc  inorganic  silicate  primer 
topcoated  with  a coal  tar-epoxy  finish,  while  System  129  was  the  same 
primer  topcoated  with  the  Navy  vinyl  system. 

At  the  beginning  of  the  test  period  (after  5 years  of  exposure). 
System  128  was  still  showing  only  very  light  rusting  and  light  to  moder- 
ate blistering  (with  and  without  rusting)  in  all  three  zones.  Deteriora 
tion  did  not  progress  further  until  the  8-year  exposure  period,  when 
rusting  was  slightly  more  severe.  After  11  years  of  exposure,  this 
system  was  approaching  failure  and  was  rated  9,8,8. 

System  129,  the  same  zinc  inorganic  silicate  as  System  128  but 
topcoated  with  the  Navy  vinyl  system,  was  providing  slightly  better 
protection  than  System  128,  particularly  in  the  tidal  zone.  This  system 
was  providing  complete  protection  to  the  steel  panel  through  the  6-year 
exposure  period.  Although  it  showed  light  to  moderate  blistering  at  the 
6-year  point  and  some  of  the  blisters  had  ruptured,  there  was  no  rusting 
With  continued  exposure,  loss  of  system  protection  with  rusting  occurred 
and  after  10  years  of  exposure,  there  was  light  galvanic  corrosion  in 
zone  c.  At  the  conclusion  of  the  investigation  (11  years).  System  129 
was  providing  good  protection  to  the  panel  and  was  rated  9,10,8. 

Systems  130  and  131 

Systems  130  and  131  consisted  of  a post-cured  zinc  inorganic  sili- 
cate primer,  topcoated  with  the  manufacturer's  epoxy  system  and  the  Navy 
vinyl  system,  respectively. 
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Both  of  these  systems  had  provided  complete  protection  to  the  steel 
substrate  through  the  6-year  exposure  period.  The  only  coating  deteriora- 
tion observed  was  light  to  medium  dense  blistering  in  the  immersed  zone. 

Very  light  rusting  was  first  observed  on  both  systems  after  7 years  of 
exposure  and  this  became  more  severe  with  continued  exposure.  Rusting 
was  more  severe  along  the  edges  of  System  131.  Light  fouling  damage  was 
also  observed  on  both  systems  after  seven  years  of  exposure.  In  these 
cases,  the  organic  coatings  were  removed  from  the  zinc  primer  by  barnacle 
attachment.  After  11  years  of  exposure,  the  company  epoxy  topcoat 
(System  130)  was  performing  better  than  the  Navy  vinyl  system  (System  131) . 
System  130  was  rated  9,9+,9+,  while  System  131  was  rated  9,9,8. 

Systems  132  and  133 

Systems  132  and  133  were  comprised  of  the  manufacturer's  epoxy 
coating  and  the  Navy  vinyl,  respectively,  applied  over  a self-cured  zinc 
inorganic  silicate  primer.  These  two  systems  exhibited  different  perfor- 
mance characteristics  in  the  initial  exposure  years  with  the  Navy  vinyl 
topcoated  system  (System  133)  performing  quite  a bit  better  than  System  132. 
This  latter  system  was  nearing  failure  after  5 years  of  exposure  and  was 
rated  10-,8,7,  while  System  133  was  rated  10,9,9  at  that  time.  With 
continued  exposure  both  systems  maintained  about  the  same  degree  of 
protection  with  only  a slight  increase  in  their  deterioration.  During 
this  period,  these  systems  did  show  moderate  to  heavy  edge  rusting  and 
undercutting  by  rust  in  all  three  zones.  Although  blistering  was  not 
heavy,  many  of  the  blisters  ruptured  resulting  in  loss  of  the  zinc 
primer  and  pitting  of  the  steel  substrate  in  zones  b and  c.  System  133 
had  failed  (degrading  rapidly  between  9 and  10  years  of  exposure)  by  the 
conclusion  of  the  10-year  exposure  period,  was  rated  9,8,6,  and  was 
removed  from  test.  System  132  was  not  considered  to  have  failed  until 
the  11-year  exposure  period  at  which  time  it  was  rated  9,7,7  and  was 
removed  from  test. 

Systems  134  and  135 

These  two  systems  represented  a proprietary  vinyl  (System  134)  and  the 
Navy  vinyl  (System  135)  topcoated  over  a post-cured  zinc  inorganic 
silicate . 

Both  of  these  vinyl  systems  exhibited  medium  to  medium-dense  blister- 
ing after  5 and  6 years  of  exposure.  By  the  end  of  the  7-  (System  134) 
and  9-year  (System  135)  exposure  periods,  most  blisters  had  ruptured 
exposing  the  zinc  primer.  The  exposed  zinc  subsequently  corroded, 
permitting  light  rusting  of  the  steel  substrate.  Such  degradation  also 
led  to  pitting  in  zones  b and  c and  galvanic  corrosion  in  zone  c.  Both 
of  these  systems  have  shown  similar  performance  characteristics,  al- 
though the  manufacturer's  vinyl  system  (System  134)  was  performing 
slightly  better  than  the  Navy  vinyl  at  the  conclusion  of  the  exposure 
period.  After  11  years  of  exposure.  System  134  was  rated  9,9,8  while 
System  135  was  rated  9,8,7. 
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System  136 


An  epoxy  coating,  System  136^  was  the  remaining  organic  coating 
applied  over  this  particular  self-cured  zinc  inorganic  silicate  coating. 
System  136  performed  relatively  well  through  7 years  of  exposure,  when 
it  was  rated  9,9,9.  This  system  gradually  deteriorated  over  the  ensuing 
4 years,  exhibiting  heavy  pitting  and  undercutting  in  zone  a and  light 
galvanic  corrosion  in  zone  c.  After  11  years  of  exposure,  the  perfor- 
mance of  this  system  was  rated  5,9,8;  the  system  was  considered  to  have 
failed,  and  was  removed  from  test. 

Systems  138  and  139 

Systems  138  and  139  consisted  of  the  manufacturer's  recommended 
epoxy  system  and  the  Navy  vinyl  system,  respectively,  over  a self-cured 
zinc  inorganic  silicate  primer.  Although  these  two  systems  had  per- 
formed in  a similar  manner  during  their  initial  exposure  period  [1], 
differences  in  their  performance  became  obvious  with  continued  exposure. 
System  138  performed  better  than  System  139  in  the  atmospheric  zone, 
similar  in  the  tidal  zone,  and  poorer  in  the  immersed  zone.  Both  showed 
a high  degree  of  edge  rusting  in  zones  b and  c and  galvanic  corrosion  in 
zone  c.  System  138  exhibited  loss  of  adhesion  and  flaking  of  the  epoxy 
in  zones  b and  c as  well  as  fouling  damage  in  zone  c.  After  11  years  of 
exposure.  System  138  was  rated  10,9,7  and  System  139  was  rated  8,8,8. 

Systems  140  and  141 

System  140  consisted  of  an  aluminum-pigmented/hydrocarbon-resin 
system  applied  over  a self-cured  zinc  inorganic  silicate  primer,  and 
System  141  was  the  Navy  vinyl  applied  over  the  same  primer.  The  zinc 
primer  was  a single-package  coating;  that  is,  the  zinc  was  premixed  with 
the  vehicle.  As  a result,  the  zinc  pigment  agglomerated  to  a certain 
extent  and  could  not  be  completely  redispersed.  This  caused  the  primer 
to  have  a bumpy,  "orange-peel"  finish. 

Much  of  the  relatively  soft  aluminum-pigmented/hydrocarbon-resin 
topcoat  of  System  140  had  been  removed  from  the  primer  in  zones  b and  c 
by  the  end  of  the  first  4 years  of  exposure  [1].  However,  the  system 
primer  and  the  zinc  inorganic  silicate  provided  very  good  protection  to 
the  steel  substrate  through  6 years  of  exposure.  Continued  exposure 
caused  additional  loss  of  this  topcoat  in  zones  b and  c through  blister- 
ing and  abrasion.  This  resulted  in  galvanic  corrosion  along  the  edges 
of  zone  c,  general  rusting  in  zones  b and  c,  and  pinpoint  rusting  in 
zone  a.  After  10  years  of  exposure,  much  of  the  zinc  had  been  consumed, 
the  performance  of  the  system  was  rated  9,8,5,  and  the  panel  was  removed 
from  test. 


System  137  had  failed  after  4-years 
of  exposure  [1]. 
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This  same  zinc  inorganic  silicate  topcoated  with  the  Navy  vinyl 
system  (System  141)  was  less  effective  than  System  140  at  the  conclusion 
of  the  5-year  exposure  period.  However,  continued  deterioration  of  the 
system  occurred  relatively  slowly.  Deterioration  with  this  system 
resulted,  at  least  in  part,  from  poor  adhesion  of  the  vinyl  system  to 
this  single-package  zinc  inorganic  silicate.  This  poor  adhesion  caused 
blistering,  peeling,  and  flaking  of  the  vinyl  system  in  zones  b and  c. 
Loss  of  the  vinyl  system  in  zone  c eventually  caused  severe  rusting  and 
ritting.  After  11  years  of  exposure,  this  system  was  nearing  failure 
and  was  rated  10-,8,6. 

Systems  142  and  143 

These  two  systems  were  comprised  of  the  same  two  organic  systems  as 
used  in  Systems  140  and  141;  that  is,  on  aluminum-pigmented/hydrocarbon- 
resin  (System  142)  and  the  Navy  vinyl  (System  143),  each  applied  over  a 
post-cured  zinc  inorganic  silicate  primer. 

The  performance  of  Systems  142  and  143  was  not  a great  deal  dif- 
ferent from  that  of  Systems  140  and  141.  The  aluminum-pigmented/ 
hydrocarbon- res in  system  performed  less  effectively  over  the  post- cured 
silicate  (System  142)  than  over  the  self-cured  zinc  primer  (System  140). 
The  Navy  vinyl  system,  on  the  other  hand,  performed  better  when  applied 
over  the  post-cured  zinc  primer  than  over  the  self-cured  zinc  inorganic 
silicate.  The  most  striking  difference  between  these  systems  over  the 
self-cured  and  post-cured  silicate  primers  was  the  total  absence  of 
blistering  with  the  systems  applied  over  the  latter  primer.  The  soft 
aluminum-pigmented/hydrocarbon-resin  was  abraded  from  the  zinc  primer 
(System  142)  by  floating  debris.  System  142  also  exhibited  progres- 
sively heavier  rusting  in  zones  b and  c,  including  pinpoint  rusting  in 
zone  c and  galvanic  corrosion  along  the  edges.  After  9 years  of  expo- 
sure, the  system  had  failed,  was  rated  10,7,7,  and  was  removed  from 
test. 

The  performance  of  the  vinyl  system  over  the  post-curing  zinc 
inorganic  silicate  (System  143)  did  not  change  between  the  fourth  year 
and  the  eleventh  (final)  year  of  exposure.  During  this  8-year  period, 
the  system  performed  very  well  and  was  rated  9,9,9  at  each  of  the  expo- 
sure periods.  Deterioration  occurred  principally  along  edges  where 
moderate  to  heavy  edge  rusting  occurred. 

System  144 

This  Navy  vinyl  was  the  test  standard  for  this  series  and  was  the 
same  system  as  that  used  over  the  zinc  inorganic  silicate  primers. 
However,  in  System  144,  the  vinyl  system  was  applied  directly  to  sand- 
blasted steel. 

This  system  showed  serious  adhesion  problems,  particularly  in  the 
tidal  zone.  This  was  attributed,  at  least  in  part,  to  fouling  damage  in 
which  barnacles  removed  the  vinyl  from  the  steel  panel.  Where  the 
coating  had  been  removed,  the  steel  substrate  had  rusted.  After  8 years 
of  exposure,  this  system  had  failed  with  a performance  rating  of  8,7,7 
and  was  removed  from  test. 
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Summary  of  Series  6 

All  of  the  combination  systems  (organic  coating  systems  over  zinc 
inorganic  silicate  primers)  still  exposed  during  this  final  period 
provided  protection  to  the  simulated  steel  piling  that  was  superior  to 
the  Navy  vinyl  system  applied  directly  to  sandblasted  steel  (System  144) , 
the  test  standard  for  this  series.  As  mentioned  above,  adhesion  of  the 
organic  systems  to  the  zinc  inorganic  silicate  primers  can  be  a problem. 
While  this  was  true  in  some  cases,  the  poor  adhesion  characteristics  of 
the  Navy  vinyl  system  in  the  test  standard  (System  144)  was  largely 
responsible  for  its  early  failure. 

As  a group,  these  combination  systems  exhibited  very  good  to  rela- 
tively poor  protective  properties  (see  Figure  1).  All  systems  showed  at 
least  some  deterioration  during  the  11  years  of  exposure.  The  best 
performance  was  provided  by  System  130,  an  epoxy  topcoated  post-cured 
zinc  inorganic  silicate  system.  This  system  showed  only  light  deteriora- 
tion in  all  three  zones  and  was  rated  9,9+,9+  at  the  conclusion  of  the 
11-year  test  period.  The  next  best  performer  was  System  143,  the  Navy 
vinyl  system  also  over  a post-cured  zinc  inorganic  silicate  coating. 

This  system  was  unusual  because,  although  it  showed  early  initial  deteriora- 
tion after  only  1-1/2  years  of  exposure,  its  performance  did  not  change 
appreciably  during  this  8-year  exposure  period.  After  11  years  of 
exposure,  this  system  was  rated  9,9,9.  The  next  best  system  was  System  129, 
Navy  vinyl  over  a self-cured  zinc  inorganic  silicate  primer  (rated 
9,10,8).  It  is  interesting  to  note  that  two  Navy  vinyl  systems  and  two 
post-cured  zinc  inorganic  silicate  materials  were  in  these  top  three 
systems.  This  suggests  that  the  Navy  vinyl  system  has  an  advantage  over 
the  manufacturer's  recommended  system  and  that  the  post-cured  zinc 
inorganic  silicate  systems  perform  somewhat  better  than  the  self-cured 
zinc  inorganic  silicates.  Such  an  assessment  may  not  be  completely 
valid  because  there  are  often  rather  subtle  differences  between  the 
performance  ratings  of  many  of  the  systems.  Other  than  the  top  two 
systems  (Systems  130  and  143),  all  other  systems  had  one  or  more  zones 
that  were  rated  8 or  less.  Of  the  five  systems  that  failed  during  this 
exposure  period,  four  (Systems  132,  133,  136,  and  140)  contain  self -cured 
zinc  inorganic  silicate  primers  and  only  one  had  a post-cured  zinc 
inorganic  silicate  (System  142).  On  the  other  hand,  four  of  the  fail- 
ures utilized  company-recommended  topcoats. 

Failure  of  these  combination  systems  had  many  similarities.  General- 
ly, loss  of  adhesion  of  the  organic  system  from  the  zinc  primer  occurred 
either  through  blistering,  peeling,  or  flaking.  This  was  followed  by 
corrosion  of  the  zinc  metal  in  the  primer  and  corrosion  of  the  steel 
substrate,  undercutting,  galvanic  corrosion,  and  pitting.  Of  the  three 
zones,  the  atmospheric  zone  showed  the  best  performance.  This  corrobo- 
ates  the  findings  on  unscribed  panels  of  these  same  systems  that  were 
exposed  to  a marine  atmosphere  [6].  In  this  latter  case,  the  biggest 
majority  of  these  systems  on  unscribed  steel  panels  in  a marine  atmos- 
phere performed  very  well  over  a 5-year  exposure  period. 
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SERIES  7 - POLYESTER  COATINGS 


This  series  consisted  of  four  different  catalyzed  polyester  coatings, 
both  unfilled  and  filled  with  fiberglass  or  flakeglass,  that  were  applied 
by  manufacturer-authorized  applicators.  Systems  145  and  145a  are  identi- 
cal except  for  coating  thickness.  Systems  146  and  146a  and  Systems  147 
and  147a  are  identical  in  all  respects  within  each  system  number. 

System  148  contains  no  glass  while  System  148a  contains  fiberglass. 

These  two  panels  varied  slightly  in  thickness.  The  fiberglass-filled 
polyester  coatings  were  Systems  145,  145a,  and  148a;  Systems  146,  146a, 

147  and  147a  were  filled  with  flakeglass. 

Systems  145  and  145a  performed  extremely  well,  providing  complete 
and  total  protection  to  the  steel  substrate  for  the  9-year  exposure 
period.  This  degree  of  protection  is  not  surprising  considering  the 
thickness  of  the  two  coatings;  150  mils  for  System  145  and  85  mils  for 
System  145a.  Both  of  these  fiberglass  systems  were  considerably  thicker 
than  the  flakeglass-filled  polyesters.  Systems  146  and  146a.  These 
latter  systems  were  identical  and  were  both  50  mils  thick.  Systems  146 
and  146a  also  performed  extremely  well  throughout  the  9-year  exposure 
period.  The  only  deterioration  noted  on  either  of  these  two  systems  was 
light  rusting  in  zone  b of  System  146  where  the  coating  had  been  mechan- 
ically damaged  by  floating  debris.  This  permitted  rusting  to  develop 
between  the  6 and  9-year  exposure  periods.  After  9 years  of  exposure. 

System  146  was  rated  10,9,10.  Had  System  146  not  been  damaged  mechan- 
ically, it  appears  as  though  it  would  have  provided  complete  protection 
to  the  panel  as  the  identical  System  146a  did. 

Flakeglass-filled  polyester  Systems  147  and  I47a  were  identical  and 
both  were  45  mils  thick.  These  two  systems  performed  similarly,  pro- 
viding relatively  good  protection  to  the  steel  substrate.  Primary 
deterioration  was  attributed  to  light  mechanical  damage  in  zones  a and  b 
caused  by  floating  debris.  This  resulted  in  rusting  in  these  areas. 

After  9 years  of  exposure.  System  147  was  rated  9,9+,10  while  System  147a 
was  rated  9,9,10. 

System  148  (8.5  mils)  was  the  only  polyester  system  without  fiber- 
glass or  flakeglass  reinforcing.  System  148a  (10.5  mils)  was  the  same 
polyester  with  fiberglass  reinforcing.  Both  of  these  are  only  10%  to 
20%  the  thickness  of  most  of  the  other  polyester  systems  in  the  series . 

This  lower  thickness  was  largely  responsible  for  their  poorer  perfor- 
mance. After  9 years  of  exposure,  both  were  nearing  failure,  with 
System  148  rated  7,8,8  and  System  I48a  rated  6,8,8.  Both  systems  had 
mechanical  damage  and  rusting  along  the  edges  while  System  148  also  had 
pinpoint  rusting  in  zones  a and  b.  In  addition,  System  148a  exhibited 
cracking  of  the  polyester  coating  along  the  edges  in  the  tidal  and 
immersed  zones  and  showed  fouling  damage,  also  along  the  edges.  System  148a 
was  the  only  system  in  the  series  that  exhibited  blistering. 

Summary  of  Series  7 Coatings 

In  general,  the  polyester  coatings  performed  quite  well  (see  Figure  1). 

However,  much  of  the  good  performance  can  be  attributed  to  the  excessive 
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thickness  of  these  systems.  Because  the  fiberglass-filled  systems  were 
generally  so  much  thicker  than  the  flakeglass-f illed  polyesters,  it  is 
not  possible  to  draw  valid  conclusions  as  to  which  type  of  glass  might 
give  a superior  coating  system. 

Catalyzed  polyesters  can  become  quite  brittle  and  can  also  develop 
stresses  due  to  the  high  exotherms  that  are  often  generated  during  the 
curing  process.  Such  stresses  can  cause  weakening  of  the  bond  between 
the  coating  and  the  steel  [6].  Because  of  these  factors,  it  is  not 
surprising  that  the  polyesters  were  subject  to  damage  by  floating  debris. 
In  spite  of  the  rusting  that  resulted  from  the  mechanical  damage,  no 
undercutting  of  the  surrounding  polyester  was  observed.  This  is  con- 
trary to  the  results  obtained  in  an  atmospheric  exposure  of  these  same 
coatings  where  scribed  panels  exhibited  severe  undercutting  after  only 
2 years  of  exposure  [6]. 

SERIES  8 - TOPCOATED  ZINC-FILLED  EPOXIES 

This  series  of  coatings  consisted  of  five  zinc-filled  epoxy  primers 
that  were  topcoated  with  an  aluminum  vinyl,  a vinyl  mastic,  saran 
(Formula  113/54),  and  the  manufacturer's  recommended  system.  The  primers 
consisted  of  the  following;  two  1-package  zinc-rich  epoxies  which  cured 
by  solvent  evaporation  (Systems  149  through  152  and  Systems  161  through 
164);  one  2-package  amine-cured  epoxy  in  which  the  zinc  pigment  was 
incorporated  in  the  resin  component  (Systems  153  through  156);  one 
2-package  polyamide-cured  epoxy  with  the  zinc  pigment  incorporated  in  the 
resin  component  (Systems  165  through  168);  and  one  3-package  coating  in 
which  the  polyamide  curing  agent,  the  epoxy  resin,  and  the  dry  zinc 
pigment  were  all  packaged  separately  (Systems  157  through  160) . As  with 
the  zinc  inorganic  silicate  primers , it  was  necessary  to  continuously 
stir  the  zinc-rich  epoxies  during  application  in  order  to  keep  the  zinc 
pigment  suspended.  A saran  coating.  System  169,  was  the  control  for 
this  series. 

Aluminum-Pigmented  Vinyl  Topcoats 

The  aluminum  vinyl  topcoated  zinc  primers  - Systems  151,  155,  159, 
163,  and  167  - provided  very  good  to  excellent  protection  to  the  steel 
substrate,  with  one  exception.  The  exception.  System  163,  contained  one 
of  the  single  package  epoxy  primers.  Even  this  system  performed  rela- 
tively well  until  between  7 and  8 years  of  exposure,  at  which  time  much 
of  the  organic  topcoat  had  been  removed  from  the  zinc  primer,  permitting 
the  zinc  to  be  consumed.  As  the  zinc  was  removed,  the  steel  substrate 
rusted  and  after  9 years  of  exposure,  this  system  was  nearing  failure 
and  was  rated  9,8,7.  System  163  showed  the  poorest  performance  of  any 
of  the  aluminum  vinyl  systems  in  this  group. 

System  151,  on  the  other  hand,  provided  complete  protection  to  the 
simulated  steel  piling,  exhibiting  little  or  no  deterioration  of  any 
kind.  This  system  was  also  a single  package  zinc-filled  epoxy  primer. 
Systems  155 , 159 , and  167  provided  very  good  protection  to  the  steel 
panels  and  after  9 years  of  exposure  were  rated  9,9,9;  10-9,9;  and 
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9,10,10;  respectively.  System  163  performed  less  effectively  than  the 
saran  standard.  System  169,  while  System  155  was  equivalent,  and 
Systems  151,  159,  and  167  were  superior  to  the  standard.  The  primary 
deterioration  was  caused  by  fouling  damage  which  removed  the  aluminum- 
pigmented  vinyl  system  from  the  zinc  primer,  permitting  the  zinc  to  be 
consumed  and  the  steel  substrate  to  rust. 

Vinyl  Mastic  Topcoats 

As  a group,  the  vinyl  mastic  topcoated  zinc-filled  epoxy  primers 
performed  about  the  same  as  the  aluminum  pigmented  vinyl  group.  Of  this 
group  (consisting  of  Systems  150,  154,  158,  162,  and  166),  System  154 
showed  the  lowest  degree  of  protection.  However,  even  this  latter 
system  was  performing  well  after  9 years  of  exposure  and  was  rated 
9,9,8.  At  the  conclusion  of  the  investigation,  the  remaining  four 
systems  were  performing  very  well  showing  only  slight  differences  in 
their  protective  qualities.  After  9 years.  Systems  150,  158,  162,  and 
166  were  rated  10,9+,9+;  9+,9,9+;  10-,9,9;  and  10,9,10;  respectively. 

At  that  time.  Systems  150,  162,  and  166  were  providing  protection  to  the 
steel  substrate  that  was  superior  to  the  saran  standard.  System  169; 
System  158  was  providing  equivalent  protection;  and  System  154  was 
slightly  less  effective  than  the  saran  standard.  In  each  of  the  systems 
in  this  group,  the  primary  deterioration  was  caused  by  fouling  damage 
where  barnacles  had  removed  the  vinyl  mastic  topcoat  from  its  zinc 
primer. 

Saran 


The  protection  provided  by  the  group  of  saran  topcoated,  zinc- 
filled  epoxies  (Systems  152,  156,  160,  164,  and  168)  was  slightly  less 
effective  than  that  shown  by  the  aluminum-pigmented  vinyls  and  the  vinyl 
mastics.  This  is  probably  due  in  part  to  the  fact  that  the  saran  sys- 
tems were  from  2 to  7 mils  lower  in  dry  film  thickness  than  either  the 
aluminum-vinyl  or  vinyl-mastic  systems. 

The  best  performance  in  this  group  was  shown  by  System  160,  saran 
over  a 3-package  zinc-rich  epoxy  primer.  After  9 years  of  exposure 
suspended  from  the  corrosion  dock,  this  system  was  providing  almost 
complete  protection  to  the  steel  panel.  The  only  deterioration  was  very 
light  pinpoint  rusting  in  zone  a which  was  first  observed  at  the  6-year 
exposure  period.  The  poorest  performer  in  this  group  was  System  164, 
saran  over  one  of  the  single  package  zinc-primers.  However,  with  a 
9-year  protection  rating  of  9,8,9  this  system  was  still  providing  rela- 
tively good  protection  to  the  steel  panel. 

The  other  three  systems  in  this  group.  Systems  152,  156,  and  168 
were  all  providing  about  the  same  degree  of  protection  after  9 years  of 
exposure  and  were  rated  9,9,9;  9,9,9+;  and  9+,9,9+;  respectively.  Thus, 
the  performance  of  these  three  systems  was  equivalent  to  the  saran 
standard.  System  169,  while  System  160  was  superior  to  and  System  164 
less  effective  than  this  standard.  Primary  deterioration  of  these 
systems  appeared  to  be  light  pinpoint  rusting  in  zone  a,  and  light 
fouling  damage  in  zones  b and  c,  which  occurred  toward  the  end  of  the 
exposures . 
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Manufacturer's  Reconunended  Topcoats 


The  manufacturer's  recommended  topcoats  consisted  of  two  epoxies, 
Systems  153  and  165;  two  coal-tar/epoxies,  Systems  149  and  157;  and  one 
alkyd  topcoat,  System  161.  All  of  them  were  applied  over  their  respec- 
tive zinc-filled  epoxy  primers.  As  a group,  these  systems  provided 
poorer  protection  to  the  steel  panels  than  any  of  the  other  groups  in 
this  series.  This  poorer  performance  can  be  attributed  to  the  poor 
showing  of  System  161,  the  alkyd  topcoat,  which  was  the  only  system  in 
this  series  that  failed.  After  9 years  of  exposure,  this  system  was 
rated  9,7,5  and  was  removed  from  the  test.  Alkyd  systems  are  not  normal- 
ly recommended  for  immersion  in  seawater  because  their  performance  in 
such  an  environment  leaves  much  to  be  desired.  As  might  have  been 
expected,  the  alkyd  system  exhibited  poor  adhesion  characteristics  which 
made  it  particularly  susceptible  to  fouling  damage  and  damage  by  float- 
ing debris.  After  much  of  the  alkyd  had  been  removed  in  zones  b and  c, 
the  zinc  was  consumed  and  general  rusting,  galvanic  corrosion,  and 
pitting  were  observed. 

The  best  performance  in  this  group  was  shown  by  System  157,  a coal 
tar-epoxy  applied  over  the  three-part  zinc  primer.  This  system  showed 
very  little  deterioration  and  after  9 years  of  exposure  was  rated  9+,10,10. 
The  second  coal  tar-epoxy  (System  149)  was  only  slightly  less  effective 
than  System  157  and  was  rated  10,9,9  after  9 years. 

The  last  two  systems  in  this  group  (Systems  153  and  165)  were  both 
epoxy  topcoats  and  showed  similar  performance  characteristics.  After 
9 years  of  exposure.  System  153  was  rated  9,9,9  while  System  155  was 
rated  8,9,9.  Deterioration  of  these  two  systems  resulted  from  blister- 
ing of  the  topcoat,  mechanical  damage,  and  light  pitting.  Systems  149 
and  157  showed  superior  performance  compared  to  the  saran  standard. 

System  169,  while  System  153  was  equivalent,  and  Systems  161  and  165 
were  less  effective  than  the  standard. 

Summary  of  Series  8 Coatings 

It  has  already  been  pointed  out  that,  when  >.ompared  according  to 
topcoat  groups,  the  aluminum-pigmented  vinyls,  the  vinyl  mastics,  and 
the  sarans  are  slightly  superior  to  the  manufacturer's  recommended 
topcoats.  This  is  shown  graphically  in  Figure  1.  A comparison  of  the 
bar  graphs  for  the  aluminum-pigmented  vinyls,  the  vinyl  mastics,  and  the 
sarans  in  Figure  1 does  not  indicate  a great  deal  of  difference  in 
performance  of  these  three  different  topcoats.  A study  of  the  ratings 
for  the  9-year  exposure  period  shows  only  slight  differences  between 
these  groups.  The  aluminum-pigmented  vinyls  and  vinyl  mastics  performed 
similarly,  but  they  were  only  slightly  better  performers  than  the  saran 
topcoat.  As  mentioned  earlier,  this  may  be  attributed  to  the  lesser  dry 
film  thickness  of  the  saran  systems. 

It  is  interesting  also  to  compare  the  five  different  zinc-filled 
epoxies  as  groups;  that  is,  the  two  single-package,  two  2-package,  and 
one  3-package  primers.  With  the  exception  of  the  vinyl  mastic  group 
(System  162),  one  of  the  single-package  zinc-filled  epoxy  primers  was 
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the  poorest  performer  when  topcoated  with  the  other  three  topcoats 
(Systems  161,  163,  and  164).  This  zinc  primer  was,  in  fact,  the  primer 
of  the  only  system  that  failed  in  this  series,  System  161.  Also,  the 
topcoat  on  this  system  was  an  alkyd,  and  alkyds  normally  perform  poorly 
in  a marine  environment.  It  is  not  at  all  clear  why  this  single-package 
zinc  primer  topcoated  with  the  vinyl  mastic  performed  as  well  as  it  did. 
The  poor  performance  of  this  group  of  topcoated  single-package  epoxies 
cannot  be  attributed  to  the  fact  that  it  was  a single-package  material 
since  the  group  using  the  other  single-package  material  (Systems  149 
through  152)  performed  quite  well.  All  the  3-package  epoxies  (Systems 
157  through  160)  and  the  2-package  polyamide-cured  epoxies  (Systems  165 
through  168)  performed  quite  well  and  about  equally.  The  amine-cured 
epoxy  group  (2-package,  Systems  153  through  156)  also  performed  well  but 
were  slightly  less  effective  than  the  three  mentioned  above. 

A study  of  Figure  1 and  the  ratings  in  Appendix  B suggests  that,  as 
a group,  the  organic  topcoated  zinc-filled  epoxy  (Series  8)  systems,  have 
performed  slightly  better  than  the  organic-topcoated  zinc  inorganic 
silicate  systems  (Series  6).  This  is  attributed,  at  least  in  part,  to 
the  fact  that  organic  coatings  generally  adhere  better  to  the  zinc- 
filled  organic  primers  than  to  the  zinc  inorganic  silicate  primers. 


FINDINGS  AND  CONCLUSIONS 

Based  on  results  of  tests  of  coating  systems  applied  to  10-foot 
simulated  steel  pilings  exposed  in  Port  Hueneme  Harbor  for  periods  up  to 
21-1/2  years,  it  is  concluded  that: 

1.  The  following  coating  systems  exposed  in  a harbor  environment 
can  be  expected  to  provide  good  to  excellent  protection  for  periods  of 
15  to  20  years; 

a.  Saran  applied  by  brush  (System  10) 

b.  Phenolic  mastic  coatings  (Systems  36,  37, 
and  72) 

c.  Flame-sprayed  aluminum  (Systems  13  and  84) 

d.  Combination  systems  of  saran  (System  18); 

Navy  vinyl.  Formula  119  (System  22);  and  a 
polyamide-cured  epoxy  (System  42)  — each 
applied  over  flame-sprayed  zinc 

e.  Coal  tar-epoxies  (Systems  87  and  103) 

f.  Epoxy  (System  101) 

g.  Aluminum  pigmented  vinyl  (System  106) 
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All  of  the  above  systems  have  eyhibited  protective  properties  that  are 
considered  superior  to  those  of  the  saran  standard  (System  16)*. 

System  103,  a coal  tar-epoxy  was  particularly  effective,  showing  only 
light  blistering  (no  rusting)  for  16  years  of  exposure. 

2.  The  following  coating  systems  can  be  expected  to  provide  good 
to  excellent  protection  and  performance  superior  to  the  saran  standard 
(System  16)  in  a harbor  environment  for  periods  of  12-1/2  to  lA-1/2 
years : 

a.  Coal  tar-epoxies  (Systems  117  and  118) 

b.  Epoxies  (Systems  116  and  123) 

c.  Vinyl  (System  115) 

These  and  other  systems  considered  below  have  not  yet  been  exposed 
long  enough  to  determine  which  will  perform  acceptably  for  15  to  20 
years.  They  cannot  yet  be  compared  with  those  discussed  in  conclusion  1. 

3.  Of  the  four  surface  treatments  investigated  in  Series  2 (that 
is,  sandblasted  steel,  sandblasted  steel  with  Formula  117,  sandblasted 
steel  with  flame-sprayed  aluminum,  and  sandblasted  steel  with  flame- 
sprayed  zinc),  the  best  systems  were  based  on  flame-sprayed  zinc  as  a 
primer. 

4.  All  of  the  topcoated  zinc  inorganic  silicate  systems  exhibited 
protective  properties  superior  to  the  standard  Navy  vinyl-alkyd  system 
(System  144) . The  following  combination  systems  can  be  expected  to 
provide  good  to  excellent  protection  in  a harbor  environment  for  periods 
up  to  11  years; 

a.  Coal  tar-epoxy  (System  128) 

b.  Epoxy  (System  130) 

c.  Vinyl  (System  134) 

d.  Vinyl-alkyd  (Systems  129,  131,  and  143) 

In  general,  the  Navy  vinyl-alkyd  system  performed  equal  to  or  better 
than  the  manufacturer's  recommended  system  when  used  as  a topcoat  for 
the  zinc  inorganic  silicate  primers.  Application  of  Formula  117  pretreat- 
ment primer  over  the  zinc  inorganic  silicate  coatings  is  desirable  prior 
to  topcoating  with  the  remainder  of  the  Navy  vinyl  system. 

5.  Fiberglass-  or  f lakeglass-reinforced  polyester  coating  systems 
can  provide  complete  protection  in  a harbor  environment  for  periods  up 
to  9 years  when  the  •'oatings  are  in  excess  of  a 50-mil  dry  film  thick- 
ness. Both  types  of  glass-filled  polyesters  are  subject  to  damage  by 
floating  debris. 

6.  The  following  topcoated  zinc-filled  epoxy  primers  provided 
protection  that  was  superior  to  the  saran  standard  (System  169)  and  can 
be  expected  to  provide  very  good  to  excellent  protection  to  steel  piling 
in  a harbor  environment  for  periods  up  to  9 years: 


This  material  is  no  longer  available. 


a.  Aluminum-pigmented  vinyl  (Systems  151, 

159,  and  167). 

b.  Vinyl  mastic  (Systems  150,  162,  and  166). 

c.  Saran  (System  160). 

d.  Manufacturer's  recommended  topcoats  - coal 
tar-epoxies  (Systems  149  and  157). 
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(Complete  protection  denoted  by  outlined  bar;  initial  system  deterioration 
indicated  by  line  nearest  the  baseline  of  the  graph.  As  system  deteriorates, 
lines  become  progressively  closer  together  until  they  coalesce  at  failure  and 
removal  of  the  system  from  exposure.) 


TFE  (Tetrafluorocthylene),  System  110,  is  System  109  with  the  TFE  emulsion  finish. 
This  was  an  amine*cured  zinc-filled  epoxy  without  topcoat. 

The  vehicle  of  the  topcoat  was  an  epoxy-phenolic. 

Saran  is  not  actually  a vinyl,  but  is  included  in  this  group  since  its  properties  are  similar 
to  those  of  a vinyl. 

The  letters  designate  different  surfaces  over  which  the  coatings  were  applied.  S » bare 
sandblasted  steel;  P - pretreatment  primer,  Formula  117;  Z * flame-sprayed  zinc. 

Coatings  in  this  group  applied  over  bare  steel  and  Formula  117  are  also  included  under 
their  particular  generic  types  and  are  shown  here  for  comparison. 


Figure  1. 


(continued) 


Appendix  A 


SYSTEM  DESCRIPTION  FOR  COATINGS 
EXPOSED  ON  CORROSION  DOCK 


System 

No. 

System  Components  and  Color 

No.  of 
Coats 

Component 

Thickness 

(mils) 

Total 

System 

Thickness 

(mils) 

Series  1 

10 

Saran  (orange) 

6.0 

Saran  (alternate  white  and  orange 

coats) 

5 

6.0 

13 

Flame-sprayed  aluminum  (aluminum) 

4.5 

Flame-sprayed  aluminum  powder 

1 

4.5 

15 

Flame-sprayed  aluminum  (aluminum) 

5.0 

Flame-sprayed  aluminum  wire 

1 

5.0 

Series  2 

16 

Saran  \vvhite) 

6.5 

Saran  (Formula  1 13/49),  alternate 

orange  and  white  coats 

D 

6.5 

17 

Saran  (wtiite) 

8.0 

Ml L-C-1 5328  (Formula  117),  pre- 
treatment prinr>er 

Saran  (Formula  1 13/49), alternate 

■ 

0.5 

orange  and  wliite  coats 

8 

7.5 

18 

Saran  (white) 

10.0 

Flanr>e-sprayed  zinc  wire 

Saran  (Formula  1 13/49), alternate 

1 

2.5 

orange  and  white  coats 

7 

7.5 

22 

Vinyl  (orange) 

7.0 

Flame-sprayed  zirK  wire 

MIL-P-15929  (Formula  1 19),  vinyl 

1 

2.5 

red-lead  primer 

5 

4.5 

34 

Vinyl  (gray) 

7.5 

Flame-sprayed  zinc  wire 

1 

2.5 

Vinyl  finish 

5 

5.0 

36 

Phenolic  mastic  (gray) 

9.0 

Catalyzed  phenolic  mastic  primer 

4.5 

Catalyzed  phenolic  mastic  finish 

1 

4.5 

continued 
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System 

No. 

System  Components  and  Color 

No.  of 
Coats 

Component 

Thickness 

(mils) 

Total 

System 

Thickness 

(mils) 

Series  2 (continued) 


37 

Phenolic  mastic  (gray) 

9.0 

Ml  L-C-15328  (Formula  117),  pretreat- 

ment  primer 

1 

0.5 

Catalyzed  phenolic  mastic  primer 

1 

4.5 

Catalyzed  phenolic  mastic  finish 

1 

4.0 

38 

Phenolic  mastic  (gray)^ 

19.5 

Catalyzed  mica-filled  phenolic  mastic 

primer 

1 

11.0 

Catalyzed  phenolic  mastic  finish 

1 

8.5 

42 

Epoxy  (white) 

8.5 

Flame-sprayed  zinc  wire 

1 

3.0 

Catalyzed  epoxy  finish 

2 

5.5 

50 

Furan  (gray) 

7.0 

Flame-sprayed  zinc  wire 

1 

3.0 

Furan  finish 

3 

4.0 

Series  4 


71 

Vinyl  mastic  (black) 

10.5 

Vinyl— phenolic  strontium  chromate, 

iron  oxide  primer 

1 

1.5 

Vinyl  mastic  finish 

2 

9.0 

72 

Phenolic  mastic  (gray) 

15.5 

Catalyzed  mica-filled  phenolic  mastic 

primer 

1 

10.5 

Catalyzed  phenolic  mastic  finish 

1 

5.0 

84 

Flame-sprayed  aluminum  (aluminum) 

4.0 

MIL-M-3800  aluminum  wire,  flame- 

sprayed 

1 

4.0 

Series  5 

87 

Coal  tar— epoxy  (black) 

12.0 

Catalyzed  coal  tar-epoxy 

3 

12.0 

95 

Vinyl  (gray) 

5.5 

Aluminum-pigmented  vinyl  — 

thiokol  primer 

3 

2.5 

Vinyl  finish 

2 

3.0 

continued 
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System 

No. 

System  Components  and  Color 

No.  of 
Coats 

Component 

Thickness 

(mils) 

Total 

System 

Thickness 

(mils) 

Series  5 (continued) 

97 

Epoxy  (gray) 

9.0 

Catalyzed  epoxy  primer 

1 

1.5 

Catalyzed  epoxy  body  coat 

2 

3.5 

Catalyzed  epoxy  finish 

2 

4.0 

99 

Chlorosulfonated  polyethylene  (gray) 

8.5 

Vinyl  red*lead,  iron  oxide  primer 
Catalyzed  chlorosulfonated  polyethyl- 

2 

1.5 

ene  finish 

5 

7.0 

100 

Zinc-filled  modified  epoxy  (gray) 

6.0 

Catalyzed  zinc-filled  modified  epoxy 

3 

6.0 

101 

Epoxy  (gray) 

12.0 

Catalyzed  epoxy  primer 

1 

3.0 

Catalyzed  epoxy  finish 

2 

9.0 

102 

Aluminum-pigmented  urethane 

(aluminum) 

Catalyzed  urethane  red-lead  primer 

2 

1.5 

5.5 

Catalyzed  urethane  intermediate 
Catalyzed  aluminum-pigmented 

1 

1.5 

urethane  finish 

4 

2.5 

103 

Aluminum-pigmented  coal  tar— epoxy 

(aluminum) 

Catalyzed  coal  tar— epoxy  red-lead 
primer 

Catalyzed  coal  tar-epoxy  inter- 

1 

7.5 

24.5 

mediate 

2 

14.5 

Catalyzed  aluminum-pigntented  coal 

tar— epoxy  finish 

1 

2.5 

106 

Aluminum-pign^ented  vinyl  (aluminum) 

6.5 

Pretreatment  prin^r 

1 

0.5 

Vinyl  red-lead  prinner 

2 

1.5 

Aluminum-pigmented  vinyl  finish 

3 

4.5 

108 

Coal  tar— epoxy  (black) 

8.0 

Catalyzed  coal  tar— epoxy 

2 

8.0 

109 

Epoxy  (cream) 

7.0 

Catalyzed  epoxy  primer 

1 

1.0 

Catalyzed  epoxy  intermediate 

1 

2.5 

Catalyzed  epoxy  finish 

1 

3.5 

110 

Tetrafluoroethylene  (blue-green) 

8.0 

Catalyzed  epoxy  primer 

1 

1.5 

Catalyzed  epoxy  intermediate 

1 

2.0 

Catalyzed  epoxy  finish 

1 

4.0 

Tetrafluoroethylene  emulsion  finish 

1 

0.5 

continued 
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System 

No. 

System  Components  and  Color 

No.  of 
Coats 

Component 

Thickness 

(mils) 

Total 

System 

Thickness 

(mils) 

Series  5 (continued) 

112 

Urethane  (green) 

7.5 

Vinyl  red-lead,  iron  oxide  primer 

1 

2.5 

Catalyzed  urethane  finish 

2 

5.0 

114 

Coal  tar— urethane  (black) 

9.5 

Catalyzed  coal  tar— urethane  finish 

2 

9.5 

115 

Vinyl  (gray) 

11.0 

Pretreatment  primer 

1 

0.5 

Vinyl  iron  oxide  primer 

1 

2.0 

Vinyl  finish 

2 

8.5 

116 

Epoxy  (gray) 

9.5 

Catalyzed  epoxy  zinc  chromate 

primer 

1 

4.5 

Catalyzed  epoxy  finish 

2 

5.0 

117 

Coal  tar-epoxy  (black) 

16.5 

Catalyzed  coal  tar-epoxy  finish 

3 

16.5 

118 

Coal  tar— epoxy  (black) 

17.5 

Catalyzed  coal  tar— epoxy  finish 

3 

17.5 

120 

Modified  phenolic  (gray) 

12.0 

Catalyzed  modified  phenolic  primer 

1 

6.0 

Catalyzed  modified  phenolic  finish 

2 

6.0 

122 

Urethane  (gray) 

7.5 

Ci^talyzed  urethane  zinc  chromate 

primer 

1 

1.0 

Catalyzed  urethane  finish 

6.5 

123 

Epoxy  phenolic  (gray) 

■■ 

14.0 

Catalyzed  epoxy  primer 

3.0 

Catalyzed  epoxy— phenolic  finish 

H 

11.0 

124 

Epoxy  (white) 

■ 

14.0 

Catalyzed  epoxy  zinc  chromate 

primer 

3.5 

Catalyzed  epoxy  finish 

■■ 

10.5 

continued 
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System 

No. 

System  Components  and  Color 

No.  of 
Coats 

Component 

Thickness 

(mils) 

Total 

System 

Thickness 

(mils) 

Series  5 (continued) 

126 

Vinyl  (black) 

12.0 

MIL-C-15328A  (Formula  1 17).  pre- 

treatment  primer 

1 

0.5 

MIL-P-15929A  (Formula  1 19),  vinyl 
red-lead  primer 

MIL-E-15932A  (Formula  122-1), 

5 

6,5 

vinyl— alkyd  finish 

2 

5,0 

127 

Urethane  (black) 

10.0 

Catalyzed  epoxy  zinc  chroma'ie  primer 

2.5 

Catalyzed  urethane  finish 

3 



7.5 

Series  6 

128 

Coal  tar— epoxy  (black) 

11.5 

Zinc  inorganic  silicate  (self-cured) 

1 

2.5 

Catalyzed  coal  tar— epoxy  finish 

1 

9.0 

129 

Vinyl  (gray) 

14.0 

Zinc  inorganic  silicate  (self-cured) 
MIL-P-15328B  (Formula  1 17),  pre- 

1 

3.0 

treatment  primer 

1 

0.5 

MIL-P-15929B  (Formula  119),  vinyl 
red-lead  primer 

IVIIL-E-15936B  (Formula  122-27), 

3 

6.0 

vinyl-alkyd  finisfi 

2 

4.5 

130 

Epoxy  (gray) 

11.0 

Zinc  inorganic  silicate  (post-cured) 
Catalyzed  epoxy  lead-silico-chromate 

1 

3.0 

primer 

1 

2.0 

Catalyzed  epoxy  intermediate 

1 

4.0 

Catalyzed  epoxy  finish 

1 

2.0 

131 

Vinyl  (gray) 

14.0 

Zinc  inorganic  silicate  (post-cured) 

M 1 L-P- 1 5328B  ( Formula  117),  pre- 

1 

3.0 

treatment  primer 

1 

0.5 

MIL-P-15929B  (Formula  1 19),  vinyl 
red-lead  primer 

Ml L-E-1 5936 B (Formula  122-27), 

5 

5.0 

vinyl-alkyd  finish 

2 

5.5 



continued 
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1 

System 

No. 

System  Components  and  Color 

No.  of 
Coats 

Component 

Thickness 

(mils) 

Total 

System 

Thickness 

(mils) 

Series  6 (continued) 

132 

Epoxy  (gray) 

12.5 

Zinc  inorganic  silicate  (self-cured) 
Catalyzed  epoxy  mastic  iron  oxide 

1 

5.0 

and  chromate  primer 

2 

5.0 

Catalyzed  epoxy  finish 

1 

2.5 

133 

Vinyl  (gray) 

15.0 

Zinc  inorganic  silicate  (self-cured) 
MIL-P-15328B  (Formula  117),pre- 

1 

4.0 

treatment  primer 

1 

0.5 

IV1IL-P-15929B  (Formula  1 19),  vinyl 
red-lead  primer 

M1L-E-15936B  (Formula  122-27), 

3 

5.5 

vinyl— alkyd  finish 

2 

5.0 

134 

Vinyl  (gray) 

10.0 

Zinc  inorganic  silicate  (post-cured) 

Vinyl  mastic  iron  oxide  and  chromate 

1 

2.0 

primer 

1 

1.5 

Vinyl  mastic  intermediate 

1 

4.0 

Vinyl  finish 

1 

2.5 

135 

Vinyl  (gray) 

15.0 

Zinc  inorganic  silicate  (post-cured) 
MIL-P-15328B  (Formula  11 7) . pre- 

1 

2.0 

treatment  primer 

1 

0.5 

ft/ll  L-P-15929B  (Formula  1 19),  vinyl 
red-lead  primer 

IVIIL-E-15936B  (Formula  122-27), 

3 

6.5 

vinyl— alkyd  finish 

2 

6.0 

136 

Epoxy  (gray) 

14.0 

Zinc  Inorganic  silicate  (self-cured) 
Catalyzed  epoxy  lead-silico-chromate 

1 

4.0 

primer 

1 

2.0 

Catalyzed  epoxy  intermediate 

1 

5.0 

Catalyzed  epoxy  finish 

1 

3.0 

138 

Epoxy  (gray) 

15.0 

Zinc  inorganic  silicate  (self-cured) 

Acrylic  zinc  chromate,  zinc  oxide 

1 

4.0 

primer 

1 

1.0 

Catalyzed  epoxy  finish 

1 

10.0 

continued 
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System 

No. 

System  Components  and  Color 

No.  of 
Coats 

Component 

Thickness 

(mils) 



Total 

System 

Thickness 

(mils) 

Series  6 (continued) 

139 

Vinyl  (gray) 

14.5 

Zinc  inorganic  silicate  (self-cured) 
M1L-P-15328B  (Formula  117),  pre- 

1 

3,5 

treatment  primer 

1 

0,5 

Ml  L-P-1 5929B  (Fortnula  119),  vinyl 
red-lead  primer 

MIL-E-15936B  (Formula  122-27), 

3 

6,5 

vinyl— alkyd  finish 

2 

4.0 

140 

Aluminum-pigmented  hydrocarbon  resin 

(aluminum) 

Zinc  inorganic  silicate  (self-cured) 
Modified  phenolic— epoxy  red  iron 

1 

3.0 

13.0 

oxide  tie  coat 

1 

1.0 

Aluminum-pigmented  hydrocarbon 

resin  finish 

3 

9.0 

141 

Vinyl  (gray) 

14.0 

Zinc  inorganic  silicate  (self-cured) 
MIL-P-15328B  (Formula  117),  pre- 

1 

3.0 

treatment  primer 

0.5 

M1L-P-15929B  (Formula  119),  vinyl 
red-lead  primer 

MIL-E-15936B  (Formula  122-27), 

3 

6.0 

vinyl— alkyd  finish 

2 

4.5 

142 

Aluminum-pigmented  hydrocarbon  resin 

(aluminum) 

Zinc  inorganic  silicate  (post-cured) 
Modified  phenolic— epoxy  red  iron 

1 

2.0 

11.0 

oxide  tie  coat 

1 

1.0 

Aluminum-pigmented  hydrocarbon 

resin  finish 

3 

8.0 

143 

Vinyl  (gray) 

15.0 

Zinc  inorganic  silicate  (post-cured) 
MIL-P-15328B  (Formula  117),  pre- 

1 

2.5 

treatment  primer 

1 

0.5 

MIL-P-15929B  (Formula  1 19),  vinyl 
red-lead  primer 

MIL-E-15936B  (Formula  1 22-27) , 

H 

6.0 

vinyl— alkyd  finish 

B 

6.0 

144 

Vinyl  (gray) 

B 

10.5 

MIL-P  15328B  (Formula  117),  pre- 
treatment primer 

MIL-P-15929B  (Formula  1 19),  vinyl 

■ 

0.5 

red-lead  primer 

MIL-E-15936B  (Formula  122-27), 

D 

6.0 

vinyl-alkyd  finish 

2 

4.0 

continued 
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System 

No. 

System  Components  and  Color 

No.  of 

Coats 

Component 

Thickness 

(mils) 

Total 

System 

Thickness 

(mils) 

Series  7 

145 

Polyester  (gray) 

■ 

150 

Catalyzed  tiberglass-filled  polyester 

150 

145a 

Polyester  (gray) 

85 

Catalyzed  fiberglass-filled  polyester 

D 

85 

146 

Polyester  (white) 

50 

Catalyzed  flakeglass-filled  polyester 

3 

50 

146a 

Polyester  (white) 

50 

Catalyzed  flakeglass-filled  polyester 

3 

50 

147 

Polyester  (cream) 

45 

Catalyzed  flakeglass-filled  polyester 

3 

45 

147a 

Polyester  (cream) 

45 

Catalyzed  flakeglass-filled  polyester 

3 

45 

148 

Polyester  (white) 

8.5 

Catalyzed  polyester 

3 

8.5 

148a 

Polyester  (white) 

10.5 

Catalyzed  fiberglass  filled  polyester 

10.5 

Series  8 

149* 

Coal  tar-epoxy  (black) 

40.5  (top  1 /3) 

Zinc-filled  polyether*^ 

2 

3.0 

30.5  (bottom  2/3) 

Catalyzed  coal  tar—epoxy  finish 

2 

27.5 

Bituminous  emulsion  finish 

1 

10.0 

150 

Vinyl  mastic  (black) 

15.0 

Zinc-filled  polyether^ 

Vinyl-phenolic  strontium  chromate 

2 

3.5 

iron  oxide  primer 

1 

1.0 

Vinyl  mastic  finish 

3 

10.5 

151 

Aluminum-pigmented  vinyl  (aluminum) 

12.5 

Zinc-filled  polyether^ 

M(l.-P-15328  (Formula  117),  pre- 

2 

3.0 

treatment  primer 

MIL-P-15929  (Formula  119),  vinyl 

1 

0.5 

red-lead  primer 

2 

6.0 

Aluminum-pigmented  vinyl  finish 

2 

3.0 

152 

Saran  (white) 

9.5 

Zinc-filled  polyether^ 

MIL-L-18389  (Formula  113/54) 

2 

3.0 

saran,  alternate  orange  and  white 
coats 

4 

6.5 

continued 


System 

No. 

System  Components  and  Color 

No.  of 
Coats 

Component 

Thickness 

(mils) 

Total 

System 

Thickness 

(mils) 

Series  8 (continued) 

i 

153 

Epoxy  (gray) 

10.0 

Catalyzed  zinc-filled  epoxy 

3 

Catalyzed  epoxy  finish 

2 

154 

Vinyl  mastic  (black) 

15.0 

Catalyzed  zinc-filled  epoxy^ 

Vinyl— phenolic  strontium  chromate 

1 j 

iron  oxide  primer 

1 

1.0 

Vinyl  mastic  finish 

2 

10.5 

155 

Aluminum-pigmenTed  vinyl  (aluminum)  ! 

14.0 

Catalyzed  zinc-filled  epoxy^ 

1 

5.5 

MIL-P-15328  (Formula  11 7;,  pre- 

treatment  primer 

1 

0.5 

MIL-P-15929  (Formula  119),  vinyl 

red-lead  primer 

2 

5.0 

Aluminum-pigmented  vinyl  finish 

2 

3.0 

156 

Saran  (white) 

9.0 

Catalyzed  zinc-filled  epoxy^ 

1 

3.0 

IVIIL-L-18389  (Formula  113/54) 

saran,  alternate  orange  and  white 
coats 

4 

6.0 

157 

Coal  tar— epoxy  (red) 

19.5 

Catalyzed  zinc-filled  modified  epoxy‘s 

1 

3.5 

Catalyzed  coal  tar— epoxy  finish 

2 

16.0 

158 

Vinyl  mastic  (black) 

16.0 

Catalyzed  zinc-filled  modified  epoxy^ 
Vinyl— phenolic  strontium  chromate 

3 

2.5 

iron  oxide  primer 

1 

1.0 

Vinyl  mastic  finish 

3 

12.5 

159 

Aluminum-pigmented  vinyl  (aluminum) 

13.0 

Catalyzed  zinc-filled  modified  epoxy^ 
MIL-P-15328  (Formula  117),  pre- 

1 

3.5 

treatment  primer 

1 

0.5 

MlL-P-15929  (Formula  1 19),  vinyl 

red-lead  primer 

2 

6.0 

1 

Aluminum  pigmented  vinyl  finish 

2 

3.0 

160 

Saran  (white) 

10.0 

\ 

Catalyzed  zinc-filled  modified  epoxy^ 
MIL-L-18389  (Formula  113/54)  saran, 

1 

3.5 

alternate  orange  and  white  coats 

5 

6.5 

161 

Enamel  (gray) 

9.5 

Zinc-filled  epoxy^ 

1 

3.0 

1 

Alkyd  enamel 

3 

6.5 

System 

No. 

System  Components  and  Color 

No.  of 

Coats 

Component 

Thickness 

(mils) 

1 Total 

System 

Thickness 

(mils) 

Series  8 (continued) 

162 

Vinyl  mastic  (black) 

16.0 

Zinc-filled  epoxy^ 

Vinyl— phenolic  strontium  chromate 

1 

2.5 

Iron  oxide  primer 

1 

1.0 

Vinyl  mastic  finish 

2 

12.5 

163 

Aluminum-pigmented  vinyl  (aluminum) 

12.0 

Zinc-filled  epoxy^ 

Ml L-P-1 5328  (Formula  117),  pre* 

1 

3.0 

treatment  primer 

1 

0.5 

MIL-P-15929  (Formula  119),  vinyl 

red-lead  primer 

2 

5.5 

Aluminum-pigmented  vinyl  finish 

2 

3.0 

164 

Saran  (white) 

10.5 

Zinc-filled  epoxy‘s 

MIL-L-18389  (Formula  113/54) 

1 

4.0 

saran,  alternate  orange  and  white 

coats 

4 

165 

Epoxy  (gray) 

9.5 

Catalyzed  zinc-filled  epoxy”* 

3 

4.0 

Catalyzed  epoxy 

2 

5,5 

166 

Vinyl  mastic  (black) 

16.5 

Catalyzed  zinc-filled  epoxy^ 

3 

4.0 

Vinyl— phenolic  strontium  chromate 

iron  oxide  primer 

1 

1.0 

Vinyl  mastic  finish 

3 

11.5 

167 

Aluminum-pigmented  vinyl  (aluminum) 

i 

14.0 

Catalyzed  zinc-filled  epoxy^ 

2 

4.5 

Ml L-P-1 5328  (Formula  11 7),  pre- 

treatment  primer 

1 

0.5 

MIL-P-15929  (Formula  119),  vinyl 

red-lead  primer 

2 

6.0 

Aluminum-pigmented  vinyl  finish 

2 

3.0 

168 

Saran  (white) 

10.5 

1 

Catalyzed  zinc-filled  epoxy^ 

2 

4.5 

MIL-L-18389  (Formula  113/54) 

saran,  alternate  orange  and  white 
coats 

5 

6.0 

169 

Saran  (white) 

6.0 

MIL-L-18389  (Formula  113/54) 

saran,  alternate  orange  and  white 

coats 

4 

6.0 

i 

^ This  system  was  not  compatible  with  the  flame-sprayed  zinc  coating  and  reacted  chemically  when 
applied  as  a topcoat.  Consequently,  the  phenolic  mastic  was  not  tested  over  the  flame-sprayed 
zinc  wire. 
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^System  149  consisted  of  two  coats  of  a zinc-filled  polyether  (3.0  mils)  and  two  coats  of 
catalyzed  coal  tar-epoxy  (27.5  mils)  over  the  entire  panel  length  for  total  thickness  of  30.5  mils. 
One  coat  of  bituminous  emulsion  (10  mils)  was  then  applied  to  the  top  one-third  of  the  pane! 
for  total  thickness  of  40.5  mils  in  this  zone. 

^Single-package  primer. 

^Two-package  primer. 

^Three-package  primer. 
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Appendix  B 


PERFORMANCE  RATINGS  FOR  COATING  SYSTEMS  EXPOSED  ON  CORROSION  DOCK 

Footnotes  a and  b throughout  the  following  series  are  defined  as 
follows ; 

The  designations/D, (/)MD,/M,  and/F  denote  the  frequency  of 
blistering:  dense,  medium  dense,  medium,  and  few. 

The  designations/H,/MH,/M,  and/L  denote  heavy,  medium  heavy, 
medium,  and  light  fouling  attachment,  respectively. 
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Series  2 (continued) 


41 


continued 


Series  2 (eontinued) 
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Series  2 (continued) 
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continued 


Series  2 (continued) 
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continued 
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Series  5 (continued) 
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Series  6 (continued) 


66 


continued 


Series  6 (continued) 


67 


I 


continued 


69 


Series  6 (continued) 


70 


continued 


7 years  — Some  primer  showing  on  edges. 


Series  6 (continued) 


5a  Fiberglass-filled 
polyester  (85  mil) 


Series  6 (continued) 


73 


continued 


Series  7 (continued) 


76 


continued 


78 


continued 


Series  8 (continued) 


■3 


80 


Mechanical  damage,  zone  c top. 


continued 


Series  8 (continued) 


continued 


Series  8 (continued) 


85 


6 to  9 years  - Very  light  pinpoint  rusting  in  zone  a. 


Series  8 (continued) 


86 


continued 


Series  8 (continued) 


87 


continued 


8 to  9 years  — Light  fouling  damage,  zones  b and  c, 
mostly  along  edges. 


2/F  ^ ^ 5 to  9 years  — Blistering  in  zone  a primarily  along  edges. 
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Series  8 (continued) 
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Series  8 (continued) 


DISTRIBUTION  LIST 


AFB(AFIT/1.D).  Wright-Pallerson OH;  AFCKC7XR. Tyndall  FL;  CF.SCH.  Wrighl-Pallerson;  HQTaclical  AirCmdlR. 
E.  Fisher).  Langley  AFB  VA;  M AC/DET  (Col.  P.  Thompson)  Scott.  IL;  SAMSO/MNNF.  Norton  AFB  CA;  Stinfo 
l.ibrary.  Offutt  NE 

ARMY  BM  DSC -RE  (H.  McClellan)  Huntsville  AL;  DAEN-CWE-M  (LT  C D Binning).  Washington  DC;  DAEN-FEC. 
Washington  DC:  DAEN-FEU-E  (J.  Ronan).  Washington  DC;  DAEN-MCE-D  Washington  IXT ; ERAIX'OM  Tech 
Supp  Dir.  (DELSD-L)  Et.  Monmouth.  NJ;  HQ-DAEN-FEB-P(Mr.  Price);  Tech.  Ref.  Div..  Fort  Huachuca.  AZ 
.ARMY  - CERE  Library.  Champaign  11. 

ARMY  COASTAL  ENGR  RSCH  CEN  Fort  Belvoir  VA;  R.  Jachowski.  Fort  Belvoir  VA 
ARMY  CORPS  OF  ENGINEERS  MRD-Eng.  Div  . Omaha  NE;  Seattle  Dist.  Library.  Seattle  WA 
ARMY  CRREL  A.  Kovacs.  Hanover  NH;  Constr.  Fmgr  Res  Branch.  (Aamot) 

ARMY  ENG  DIV  HNDED-CS.  Huntsville  AL;  Hnded-Sr.  Huntsville.  AL 
ARMY  ENG  WATERWAYS  EXP  STA  Library.  Vicksburg  MS 
ARMY  ENGR  DIST.  l.ibrary.  Portland  OR 

ARMY  ENVIRON,  HYGIENE  AGCY  Water Qu;d  Div  (Dcmer).  Aberdeen  Prov Ground.  MD 
ARMY  MATERIALS*  MECHANICS  RESEARCH  CENTER  Dr.  Lenoe.  Watertown  MA 
ARM Y-Pl.ASTEC  Picatinny  Arsenal  (A  M Anzalone.  SMUPA-FR-M-D)  Dover  NJ 

ASST  SECRETARY  OFTHE  NAVY  Spec.  Assist  Energy  (P.  Waterman).  Washington  DC;  Spec.  Assist  Submarines. 
Washington  DC 

BUREAU  OF  COMMERCIAL  FISHERIES  Woods  Hole  MA  (Biological  Lab.  Lib.) 

BUREAU  OF  RECLAMATION  Code  L‘il2(C.  Selander)  Denver  CO 
MCB  ENS  S.D.  Keisling.  Quantico  VA 
CINCLANT  Civil  Engr.  Supp.  Plans.  Ofr  Norfolk.  VA 
CTNCPAC  Fac  Engrng  Div  (J44)  Makalapa.  HI 
CNAVRESCode  LJ(Dir.  Facilities)  New  Orleans.  LA 

CNM  Code  M AT-()8T.V  Washington.  DC;  NM  AT  08T:46  (Dieterle)  Wash.  DC 

CNOCode  NOP-964.  Washington  DC.Ctwle  OPNAV  09B24(HV.  CodeOPNAV  22.  Wash  DC.  Code  OPN  A V 2J.Wash 
DC;  OP987J  (J.  Btxrsman).  Pentagon 
COMCBPAC  Operations  Off . Makalapa  HI 

COM  FLEACT.  OKINAWA  Commander.  Kadena  Okinawa;  PWO.  Kadena.  Okinawa 
COMOCEANSYSPAC  SCE.  Pearl  Harbor  HI 
DEFENSE  DOCUMENTATION  CTR  Alexandria.  VA 
DEFENSE  INTELLIGENCE  AGENCY  Dir..  Washington  DC 
IX  )E  Dr.  Cohen 

DTNSRDCCode  1706.  Bethesda  MD;  Code  172  (M.  Krenzke).  Bethesda  MD 

D1  NSRDC  Code  284(A.  Rufolo).  Annapolis  MD 

DTNSRDCCode 41 1 1 (R.  Gierich).  Bethesda  MD 

DTNSRDCCode 41 21  (R.  Rivers).  Annapolis.  MD 

DI  NSRDC  Code 42.  Bethesda  MD 

ENERGY  R&D  ADMIN.  INELTech.  Lib.  (Reptirts  Section).  Idaho  Falls  ID 

FLTCOMBATTRACENLANT  PWO.  Virginia  Bch  VA 

FMFLANTCECOffr.  Norfolk  VA 

(iSA  Fed.  Sup.  Serv.  (FMBP).  Washington  DC 

HEDSLiPPACT  PWO.  Taipei.  Taiwan 

HQEORTRPS  2nd  FSCG.  (Caudillo)  Camp  Lejeune.  NC 

KWAJALEIN  MISRAN  BMDSC-RKL-C 

MARINE  CORPS  BASE  Camp  Pendleton  CA  9205.^;  Code  43-260.  Camp  Lejeune  NC;  M & R Division.  Camp  Lejeune 
NC;  PWO.  Camp  S.  D.  Butler.  Kawasaki  Japtin 
MARINE  CORPS  DIST 9.  Code 043.  Overland  Park  KS 
MARINE  CORPS  HQSCode  LFF-2.  Washington  IX' 

MCAS  Facil.  Engr.  Div.  Cherry  Point  NC;  CO,  Kaneohe  Bay  HI:  Code  PWE.  Kaneohe  Bay  HI;  Code  S4,  Quantico 
VA;  J.  Taylor.  Iwakuni  Japan;  PWD.  Dir.  Maint.  Control  Div..  Iwakuni  Japan;  PWO  Kaneohe  Bay  HI;  PWO. 

Yuma  AZ;  UTC  Dupalo.  Iwakoni.  Japan 
M(  DEC  P&S  Div  Quantico  VA 
MCRD  PWO.  San  Diego Ca 

NAD  Code  01 1 B-1 . Hawthorne  N V;  Dir.  PW  Eng.  Div.  McAlester.  OK;  Engr.  Dir.  Hawthorne.  N V;  PWD  Nat./Resr. 
Mgr  Forester.  McAlester  OK 
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NAF  PWO  Sigonella  Sicily:  PWO,  Atsugi  Japan 

NAS  Asst  C/S  CE  Corpus  Christi,  TX;  CO.  Guantanamo  Bay  Cuba;  Code  1 14,  Alameda  CA;  Code  18.1  (Fac.  Plan  BR 
MGR);  Code  18700,  BrunswickME;  Code  18U  (ENS  P.J.  Hickey),  Corpus  Christi  TX;  Code  6234  (G.  Trask). 

Point  Mugu  CA;Ctxle  70.  Atlanta,  Marietta  GA;  Code  8E.  Patuxent  Riv..  MD;  Dir.  Maint.  Control  Div..  Key  West 
FT.;  Dir.  Util.  Div..  Bermuda;  ENS  Buchholz.  Pensacola,  FL;  Lakehurst.  NJ;  Lead.  Chief.  Petty  Offr.  PW/Self 
Help  Div,  BeevilleTX;  OIC,  CBU  417,  Oak  Harbor  W A;  PW  (J.  Maguire),  Corpus  Christi  TX;  PWD(M.B. 
Trewitt),  Dallas  TX;  PWDMaint.  Cont.  Dir..  Fallon  NV;  PWDMaint.  Div.,  New  Orleans,  Belle  Chasse  LA;  PWD, 
Maintenance  Control  Dir.,  Bermuda:  PWD,  Willow  Grove  PA;  PWO(M.  Elliott).  Los  Alamitos  CA;  PWO  Belle 
Chasse,  LA;  PWO  Chase  Field  Beeville,  TX;  PWO  Key  West  FL;  PWO,  Dallas  TX;  PWO,  Glenview  IL;  PWO. 
Kingsville  TX;  PWO.  Millington  TN;  PWO,  Miramar.  San  Diego  CA;  PWO,.  Moffett  Field  CA;  ROICC  Key  West 
FL;  SCE  Lant  Fleet  Norfolk.  VA;  SCE  Norfolk,  VA;  SCE,  Barbers  Point  HI 
NATL  BURE  AU  OF  STANDARDS  B-348  BR  (Dr.  Campbell),  Washington  DC 
NATL  RESEARCH  COUNCIL  Naval  Studies  Board,  Washington  DC 
N ATN  A V M E DCEN  PWO  Bethesda.  M D 
NATPARACHUTETESTRAN  PW  Engr,  El  Centro  CA 
NAVACT  PWO.  London  UK 
NAVACTDET  PWO,  Holy  Lock  UK 
NAVAEROSPREGMEDCEN  SCE.  Pensacola  FL 

NAVAL  FACILITY  PWO.  Barbados:  PWO.  Cape  Hatteras.  Buxton  NC;  PWO.  Centerville  Bch.  Ferndale  CA;  PWO, 
Guam 

NAVAVIONICFAC  PWD  Deputy  Dir.  D/701 . Indianapolis.  IN 

NAVCOASTSYSLABCode423(D.  Good).  Panama  City  FL;  Code7l5(J.  Mittleman)  Panama  City.  FL;  Code7l5(J. 
Quirk)  Panama  City.  FL;  Library  Panama  City.  FL 

NAVCOMMAREAMSTRSTA  Code  W-602.  Honolulu.  Wahiawa  HI;  PWO,  Norfolk  VA;  PWO.  Wahiawa  HI;  SCE 
Unit  I Naples  Italy 

NAVCOMMSTA  Code 401  Nea  Makri.  Greece;  PWO,  Adak  AK;  PWO.  Exmouth.  Australia:  PWO.  Fort  Amador 
Canal  Zone 

NAVCOMMUNIT Cutler/E.  Machias  ME(PW  Gen.  For.) 

NAVCONSTRACEN  COfCDRC.L.  Neugent),  Port  Hueneme.CA;  Code  74000 (Bodwell)  Port  Hueneme.CA 

NAVEDTRAPRODEVCENTech.  Library 

NAVELEXSYSCOM  Code  PME-1 24-61.  Washington  DC 

NAVEN  VIRH  LTHCEN  CO,  Cincinnati.  OH 

NAVEODFACCode^S,  Indian  Head  MD 

NAVFAC  PWO.  Lewes  DE 

NAVFACENGCOM  Code  043  Alexandria.  VA;  Code  044  Alexandria.  VA;  Code  045 1 Alexandria,  VA;  Code  0453  (D. 
Potter)  Alexandria.  VA;  Code0454B  Alexandria.  Va;  Code  046;  Code  0461  D(  V M Spaulding):  Code04B3 
Alexandria,  VA;  Code04B5  Alexandria,  VA;  Code  101  Alexandria.  VA;  Code  10133  (J.  Leimanis)  Alexandria.  V A; 
Code  1023  (M.  Carr)  Alexandria.  VA;  Code  1023  (T.  Stevens)  Alexandria,  VA;  Code  104  Alexandria,  VA;  Code 
2014  (Mr.  Taam).  Pearl  Harbor  HI;  Morrison  Yap.  Caroline  Is.;  PC-22  (E.  Spencer)  Alexandria.  VA;  PL-2  Ponce 
P.R.  Alexandria.  VA 

NAVFACENGCOM  - CHES  DIV.  Code  101  Wash.  DC;  Code  402  (R.  Morony)  Wash.  DC;  Code  403  (H.  DeVoe) 

Wash.  DC:  Code 405  Wash.  DC;C(xle  FPO-I  (C.  Bodey)Wash.  DC;  Code  FPO-I  (Ottsen)  Wash,  DC:  Code 
FPO-IC2  Wash,  DC;  Code  FPO-1P4 (Gregory); Code  FPO-lSP(Dr.  Lewis)  Wash.  DC;  Code  FPO-lSP13(TF 
Sullivan)  Wash,  DC;  Ctxle  FPO-IP12(Mr.  Scola).  Washington  DC;  Contracts,  ROICC.  Annapolis  MD;  Scheessele. 
Code402,  Wash,  DC 

NAVFACENGCOM -LANT  DIV;  Code  lOA.  Norfolk  VA;  Eur.  BR  Deputy  Dir.  Naples  Italy;  RDT&ELO09P2. 
Norfolk  V A 

NAVFACENGCOM  - NORTH  DIV.  (Boretsky)  Philadelphia.  PA;  AROICC.  Brooklyn  NY;  CO;  Code  09P(LCDR  A.J. 
Stewart);  Code  1028.  RDT&ELO.  Philadelphia  PA;  Code  1 1 1 (Castranovo) Philadelphia,  PA;  Cixfe  I I4(A. 

Rhoads);  Design  Div,  (R.  Masino),  Philadelphia  PA;  ROICC,  Contracts.  Crane  IN 
NAVFACENGCOM  - PAC  DIV.  Code 09DG (Donovan),  Pearl  Harbor.  HI;  Code  402.  RDT&E.  Pearl  Harbor  HI; 
Commander.  Pearl  Harbor.  HI 

NAVFACENGCOM  - SOUTH  DIV.  CodeW,  RDT&ELO,  Charleston  SC;  Dir..  New  Orleans  LA;  ROICC(LCDR  R, 
Moeller),  Contracts.  Corpus  Christi  TX 

NAVFACENGCOM -WEST  DIV.  102;  112;  AROICC,  Contracts.  Twentynine  Palms  CA;  Code  0»B:09P/20; 
RDT&ELO  Code  201 1 San  Bruno,  CA 

NAVFACENGCOM  CONTRACT  AROICC,  Point  Mugu  CA;  AROICC.  Quantico.  VA;  Code  05,  TRIDENT. 
Bremerton  WA:  Dir,  Eng.  Div.,  Exmouth.  Australia:  Eng  Div  dir.  Southwest  Pac.  Manila.  PI;  OICC,  Southwest 
Pac.  Manila,  PI;  OICC/ROICC,  Balboa  Canal  Zone;  ROICC  (Ervin)  Puget  Sound  Naval  Shipyard.  Bremerton,  WA; 
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ROICC  (LCDR  J.G.  Leech),  Subic  Bay,  R.P.;  ROICC  LANT  DIV.,  Norfolk  VA;  ROICC  Off  Poinl  Mugu,  CA; 
ROICC,  Diego  Garcia  Island;  ROICC,  Keflavik,  Iceland;  ROICC,  Pacific,  San  Bruno  C A 
NAVHOSP  LT  R.  Elsbernd,  Puerto  Rico 
NAVMAG  SCE,Gu;im 
NAVMIROOIC,  Philadelphia  PA 

NAVNUPWRU  MUSE  DETCode  NPU-30Port  Huenenie,CA;  Code  NPU80(ENS  W.  Morrison),  Port  HuenemeCA 
NAVOCEANOCode  1600  Bay  St.  Louis,  MS;  Code  3408  (J.  Kravitz)  Bay  St.  Louis;  Code  3432  (J.  DePalma),  Bay  St. 
Louis  M S 

NAVOCEANSYSCEN  Code  4473  Bayside  Library.  San  Diego.  CA;  Code  52(H.  Talkington)  San  Diego  CA;  Code 
.S2I4(H  . Wheeler),  San  Diego  CA;  Code  5224  (R.Jones)  San  Diego  CA;  Code  531  l(T)(E.  Hamilton)  San  Diego  CA; 
Code  6505  (J.  Stachiw).  San  Diego,  C A;  Code  6565  (Tech.  Lib.),  San  Diego  CA;  Code  6700.  San  Diego,  CA;  Code 
751 1 (PWO)  San  Diego.  CA;  SCE  (Code  6600).  San  Diego  CA 
NAVORDSTA  PWO.  Louisville  KY 
NAVPETOFF  Code  30.  Alexandria  V A 

NAVPGSCOL  D.  Leipper,  Monterey  CA;  E.  Thornton.  Monterey  CA;  J.  Garrison  Monterey  CA;  LCDR  K.C.  Kelley 
Monterey  CA 

NAVPHIB  ASE  CO.  ACB  2 Norfolk.  VA;  Code  S3T.  Norfolk  V A;  Harbor  Clearance  Unit  Two.  Little  Creek.  VA; 

OIC,  UCT  ONE  Norfolk.  Va 
NAVRADRECFAC  PWO.  Kami  Seya  Japan 

NAVREGMEDCEN  Code  3041 . Memphis,  Millington  TN;  PWO  Newport  Rl;  PWO  Portsmouth.  VA;  SCE  (D.  Kaye); 

SCE  (LCDR  B E.  Thurston).  San  Diego  CA;  SCE.  Camp  Pendleton  CA;  SCE.  Guam 
NAVSCOLCECOFFC35  Port  Hueneme,  CA;  C44A  (R.  Chittenden).  Port  Hueneme  CA;  CO,  Code  C44A  Port 
Hueneme.  CA 

NAVSEASYSCOM  Code  OOC  (LT  R.  MacDougal).  Washington  DC;  Code  SEA  OCX?  Washington.  DC 
NAVSEC  Code  6034  (Library).  Washington  DC 

NAVSECGRUACT  Facil.  Off,.  Galeta  Is.  Canal  Zone;  PWO,  Edzell  Scotland;  PWO,  Puerto  Rico;  PWO.  Torri  Sta. 
Okinawa 

NAVSHIPREPFAC  Library,  Guam;  SCE  Subic  Bay 

NAVSHIPYD  CO  Marine  Barracks.  Norfolk.  Portsmouth  VA;  Code  202.4.  Long  Beach  CA;  Code  202.5  (Library) 
Puget  Sound.  Bremerton  WA;  Code  .380.  (Woodroff)  Norfolk.  Portsmouth.  VA;  Code  400,  Puget  Sound;  Code  404 
(LT  J.  Riccio),  Norfolk,  Portsmouth  VA;  Code  410,  Mare  Is..  Vallejo  CA;  Code  440  Portsmouth  NH;  Cixie  440, 
Norfolk;  Code  440.  Puget  Sound,  Bremerton  WA;  Code  440.4.  Charleston  SC;  Code  450.  Charleston  SC;  L.D. 
Vivian;  Library.  Portsmouth  NH;  PWD(Code  400),  Philadelphia  PA;  PWD  (LT  N.B,  Hall).  Long  Beach  CA;  PWO, 
Mare  Is.;  PWO,  Puget  Sound;  SCE.  Pearl  Harbor  HI;  Tech  Library.  Vallejo.  CA 
NAVSTA  CO  Naval  Station.  Mayport  FL;  CO  Roosevelt  Roads  P.R  Puerto  Rico;  Engr.  Dir..  Rota  Spain;  Maint. 

Cont.  Div.,  Guantanamo  Bay  Cuba;  Maint.  Div.  Dir/Code  531.  Rodman  Canal  Zone;  PWD(LTJG.P.M. 
Motolenich).  Puerto  Rico;  PWO  Midway  Island;  PWO.  Guantanamo  Bay  Cuba;  PWO,  Keflavik  Iceland;  PWO, 
Mayport  FL;  ROICC  Rota  Spain;  ROICC.  Rota  Spain;  SCE.  Guam;  SCE.  San  DiegoCA;  SCE.  Subic  Bay.  R.P.; 
Utilities  Engr  Off.  (LTJG  A.S,  Ritchie).  Rota  Spain 
NAVSUBASE  LTJG  D.W.  Peck.  Groton.  CT;  SCE.  Pearl  Harbor  HI 

NAVSUPPACT  CO.  Brooklyn  NY;  CO,  Seattle  WA;  Code  4.  12  Marine  Corps  Dist,  Treasure  Is.,  San  FranciscoCA; 

Code  41 3.  Seattle  WA;  LTJG  McGarrah.  Vallejo  CA;  Plan/Engr  Div..  Naples  Italy 
NAVSURFWPNCEN  PWO.  White  Oak.  Silver  Spring,  MD 
NAVTECHTRACEN  SCE.  Pensacola  FL 

NAVWPNCEN  Code  2636  ( W.  Bonner).  China  Uke  CA;  PWO  (Code  26).  China  Lake  CA;  ROICC  (Code  702),  China 
l.ake  CA 

NAVWPNSTA  (Clehak)Colls  Neck,  NJ;  Code 092.  Colls  Neck  NJ;  ENSG.A.  Lowry.  Fallbrook  CA;  Maim.  Control 
Dir..  Yorklown  VA;  PW  Office  (Code  09C'I ) Yorklown.  V A;  PWO,  Seal  Beach  CA 
NAVWPNSUPPCEN  Code 09 (Boennighausen) Crane  IN 
NAVXDIVINGU  LT  A M Parisi,  Panama  City  FL 
NCBU  405  OIC.  .San  Diego.  CA 

NCBCCEL  (CAPTN,  W.  Petersen),  Port  Hueneme,  CA;  CEL  AOIC  Port  Hueneme  CA;  Code  10  Davisville,  Rl; 

Cixle  155.  Port  Hueneme  C A;  Code  156.  Port  Hueneme,  C A;  Code  400.  Gulfport  MS;  PW  Engrg.  Gulfport  MS; 

PWO  (Code  80)  Port  Hueneme.  CA;  PWO.  Davisville  Rl 
NCBU  411  OIC.  Norfolk  VA 
NCR  20.  Commander 
NCSO  BAHRAIN  Security  Offr.  Bahrain 

NMCB  I33(ENST,W.  Nielsen);  5,  Operations  Dept  ; 74.  CO;  Forty.  CO;  THREE.  Operations  Off. 

NOAA  Libraries  Div.  - D823,  Silver  Spring.  MD 
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NORDA  Code  44(t{(kean  Rsch.  Off)  Bay  Si.  l.ouis,  MS 

NRl  Code  8400  (J.  Walsh).  Washington  DC;  Code  8441  (R.A.  Skop),  Washington  DC;  Rosenthal.  Code  8440,  Wash. 
IX 

NSC  Code  .'4.1  I Wynne).  Norfolk  VA 
NSD.SCH.  Siihic  Bay.  R.P. 

N IC'  Code  .'4  ( HNS  P.  Ci.  Jaekel).  Orlando  FI.;  Commander  Orlando.  FI.;  OICC.  CBU-4()I . Great  Lakes  IL;  .SCF. 
Great  Lakes,  11. 

NAVOC'FANSYSCKN  Hawaii  l.ahlD.  Mwre).  Hawaii 

NCSCCode  I .H  New  London.  CT;  Cixle  EAlMlR.S.  Munn).  New  London  CT;  Code  S.L12.  B-80 IJ . Wilcox);  Code 
lAl.H  (G  DelaCru/).New  London  CT 
(X'FANAV  Mangml  Info  Div..  Arlington  VA 
(X'FANSYSI.ANT  1 1 A.R.  Giancola.  Norfolk  VA 

ONR  CDR  Harleil,  Boston  M A;  BROFF.  CO  Boston  M A;  Code  481 . Arlington  VA;  Code  7()0F  Arlington  VA;  l>.  A. 
Laufer.  Pasadena  CA 

PM  fC  FOD  Mi>hile  Unit.  Point  Mugu.CA;  Pal.  Counsel.  Point  MuguCA 

PWe  FNS  J.K.  Surash.  Pearl  Harbor  HI;  ACF  Office  I l.TJG  St.  Germain)  Norfolk  V A;  CO  Norfolk.  VA;  CO.C'ireal 
Lakes  IL;  Code  I Ifitl.TJCi.  A.  F.ckhart)Cireal  Lakes.  11.;  Code  1 20.  Oakland  CA;  ('ode  1 2(X'( Library ) San  Diego. 
CA;  Code  I 28.  Guam;  Code  2(8).  (ireal  Lakes  IL;  Code  2(8).  Ciuam;  Ciule  2(8),  Oakland  CA;  Code  220  Oakland. 

C.A;  Code  220. 1.  Norfolk  V A;  Code  .W  ( Boettcher)  San  Diego.  CA;  Code  40  (C.  Kollon)  Pensacola.  FL;  Ctxle 
5().'A  (H.  Wheeler);  Code 080.  San  DiegoCA;  Library.  Subic  Bay.  R.P.;  OICCBU-40.',  San  DiegoCA;  XO 
Oakland.  C A 

SWCCodc  I22B.  Mechanicsburg.  PA;  PWOlCode  120)  Mechanicsburg  PA 
CC'l  rWO  OIC.  Port  Hueneme  CA 

IS.  MERCHANT  MARINE  ACADEMY  Kings  Point.  NY  (Reprint  Custodian) 

CS  DEPT  OF  ACjRIC  Forest  Products  Lab,  Madison  Wl;  Forest  Products  Lab.  (R.  DeCirool).  Madison  W I 

IS  GEOLOGICAL  SURVEY  Off.  Mat  me  Geology.  Piteleki.  Resion  VA 

USAF  SC  HOOI.  OF  AEROSPACF  MEDICINE  Hyperbaric  Medicine  Div.  Brooks  AEB.  TX 

I see;  (Ci-ECV ) Washington  Dc;  (G-EC'V/M  )( Burkhart)  Washington.  DC;  ((i-MP-.VUSP/82)  Washington  IX'; 

(j-E01'!-4/bl  (T.  IXswd).  Washington  IX' 

CSCCi  ACADEMY  LT  N.  Stramandi,  New  London  CT 

LSC'Ci  R&D  (ENTER  CO  Groton.  CT;  D.  Motherway.  Groton  CT;  l.TJG  R.  Dair.  Groton  CT ; Tech.  Dir.  Ciroton.  CT 
( SNA  (h.  Mech.  Engr.  IX'pt  Annapolis  MD;  (Xean  Sys.  Fng  Dept  (Dr.  Monney)  Annapolis.  MD;  PW  D Engr.  Div. 

(('.  Bradford ) Annapolis  M D;  PWO  Annapolis  M D 
AMERICAN  CONCRETE  INSTITUTE  Detroit  Ml  (Library) 

( ALIF  DEPT  OF  FISH  & GAME  Long  Beach  CA  ( Marine  Tech  InfoCtr) 

( ALIF.  DEPT  OF  NAVIGATION  & OCEAN  DEV.  Sacramento.  CA  (G.  Armstrong) 

CALIF  MARI  I IMF  ACADEMY  Vallejo.  CA  ( Library ) 

( AI.IFORNIA  STATE  UNIVERSITY  LONG  BE A(  H , CA  (CHELAPATI);  LONG  BEACH.  CA  t YEN );  LOS 
ANGELES.  CA( KIM) 

( A l HOI  1C  U'NIV.  Mech  Engr  Dept,  Prof.  Nied/weeki.  Wash..  DC 
(ORNEl.L  UNIVERSITY  Ithaca  NY  (Serials  Dept,  Engr  Lib.) 

DAMES  & MOORE  LIBRARY  LOS  ANGELES.  CA 
DUKE  UNIV  MEDK  Al. CENTER  B.  Muga,  Durham  NC 

FLORIDA  A n.ANTIC  UNIVERSITY  B(X'A  RATON.  EL(M('  Al.l.lSTER);  Boca  Raton  EL(Ocean  Engr  IXpt..(  . 
Lin) 

FLORIDA  ATLANTK  UNIVERSITY  Boca  Raton  EL  (W.  Tessin) 

FLORIDA  TECHNOl.fXilCAL  UNIVERSITY  ORLANDO.  FL  (HARTMAN) 

(iEORGIA  INSTITUTE  OF  TECH  NOl.fXiY  Atlanta  GA  (School  of  Civil  Engr..  Kahn);  Atlanta  GA(B  Ma/anti) 
IN.snrUTE  OF  MARINE  SCIENCES  MoreheadCity  NC(Dtrector) 
low  A .STATE  UNIVERSITY  Ames  lA  (CE  Dept.  Handy) 

VIRGINIA  INST.  OF  MARINE  SCI.  Gloucester  Point  VA(Library) 

LEHIGH  UNIVERSITY  BETHLEHEM.  PA  (MARINE  GEOTECHNICAL  LAB.  RICHARDS);  Bethlehem  PA 
(Frit/  Engr.  l.abNo.  I.J.  Beedle);  Bethlehem  PA(Linderman  Lib.  No. .40.  F'lecksteiner) 

LIBRARY  OF  CONGRESS  WASHINGTON.  DC  (SCIENCES*  TECH  DIV) 

MAINE  MARITIME  ACADEMY  (Wyman)Castine  ME;  CASTINE.  ME  (LIBRARY) 

Ml(  HIGAN  TECHNOLOGICAL  UNIVERSITY  Houghton,  Ml  (Haas) 

MIT  Cambridge  MA:  Cambridge  MA  (Rm  10- .'(8).  Tech.  Reprirts,  Engr.  Lib.);  Cambridge  M A (Whitman) 

NATL  ACADEMY  OF  ENG.  ALEX  ANDRIA.  V A (SEARLE.  JR  ) 

NORTHWESTERN  UNIV  Z.P.  Ba/ant  Evanston  IL 
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NYCn  Y COMMUNITY  COl.I.KGK  BROOKLYN.  NY(I.IBRARY) 

UNIV.  NOTRK  OAMK  Kalona.  Noire  Dame,  IN 

ORKCiON  ST  ALL  UNIVERSITY  (CE  Dept  Gracel  Corvallis.  OR.  CORVALLIS.  OR  (CE  OEPT.  BELL); 

CORVALLIS. OR  (CE  OF.PT.  HICKS);  Conralis  OR  (School  of  Oceanography) 

PENNSYLVANIA  STATE  UNIVERSITY  STATE  COLLEGE.  PA  (SNYDER);  Stale  College  PA  (Applied  Rsch  Lab); 
UNIVERSITY  PARK.  PA  (GOTOl.SKI) 

PURDUE  UNIVERSITY  Lafayelte  IN  (I.eonards);  Lafayette.  IN  (AllschaeffI);  Lafayette.  IN  (CE  Engr.  Lib) 

SAN  DIEGO  STATE  UNIV.  1.  Noorany  San  Diego.  C A;  Dr.  Krishnamoorlhy.  San  Diego CA 

SCRIPPS  IN.STITUTE  OF  OCEANOGRAPHY  LA  JOLLA,  CA  (ADAMS);  San  Diego.  CA  ( Marina  Phy,  Lab.Spiess) 
SOUTHWEST  RSCH  INST  J.  Maison.  San  Antonio  TX;  R.  DeHart.  San  Antonio  TX 
STANFORD  UNIVERSITY  Engr  Lib.  Stanford  CA;  STANFORD.  CA  ( DOUGl.AS) 

STATE  UNIV.  OF  NEW  YORK  Buffalo,  NY 

TEXAS  A&M  U NIVERSITY  COl.LEGE  STATION.  TX  (CE  DEPT);  College  Station  TX  (CE  Dept.  Herbieh) 
UNIVERSITY  OF  CALIFORNIA  BERKELEY.  C A (CE  DEPT.  GERWICK);  BERKELEY.  CA  (OFF.  BUS.  AND 
FIN ANCFL  SAUNDERS);  Berkeley  C A (B.  Brevier);  Berkeley  C A ( Dept  of  Naval  Arch.);  Berkeley  CA  (E. 
Pearson);  DAVIS.  CA(CE  DEPT.  TAYLOR);  La  Jolla  CA  (Aeq.  Dept.  Lib.  C-()7.<;A);  M.  Duncan.  Berkeley  CA; 
SAN  DIEGO.  CA,  l.A  JOLLA,  CA  (SEROCKI) 

UNIVERSITY  OF  DELAWARE  LEWES.  DE  (DIR.  OF  MARINE  OPERATIONS.  INDERBITZEN);  Newark.  DE 
(Dept  of  Civil  Engineering.  Chesson) 

UNIVERSITY  OF  HAWAII  HONOLULU.  HI  (SCIENCE  ANDTECH.  DIV  );  Honolulu  HI  ( Dr.  Szilard) 
UNIVERSITY  OF  ILLINOIS  Metz  Ref  Rm.  Urbana  IL;  URBANA.  11.  (DAVISSON);  URBANA.  IL  (LIBRARY); 

URBAN  A.  IL  (NEWARK);  Urbana  IL  (CE  Dept.  W.  Gamble) 

UNIVERSITY  OF  M ASSACH USETTS  (Heronemus).  Amherst  MA  CE  Dept 
UNIVERSITY  OF  MICHIGAN  Ann  Arbor  Ml  (Richart) 

UNIVERSITY  OF  NEBRASKA-LINCOLN  Lincoln.  NE  (Ross  Ice  Shelf  Proj. ) 

UNIVERSITY  OF  NEW  HAMPSHIRE  DURHAM.  NH  (LAVOIE) 

UNIVERSITY  OF  PENNSYLVANIA  PHll.ADELPHIA.  PA  (SCHOOL  OF  ENGR  & APPLIED  SCIENCE,  ROLL) 
UNIVERSI I Y OF  RHODE  ISI.AND  KINGSTON,  R1  (PAZIS);  Narragansetl  Rl  (Pell  Marine  Sci.  Lib.) 

LiNIVERSn  Y OF  SO.  CALIFORNIA  Univ  So.  Calif 

UNIVERSITY  OFTEXAS  Inst.  Marine  Sci  (Library).  Port  Arkansas  TX 

UNIVERSITY  OFTEXAS  AT  AUSTIN  AUSTIN,  TX  (THOMPSON);  Austin.  TX  (Breen) 

UNIVERSli  Y OF  WASHINGTON  Seattle  WA  ( M . Shcrif);  Dept  of  Civil  Engr  (Dr.  MatUKk).  Seattle  WA; 

SEATTLE.  W A (APPLIED  PHYSICS  LAB);  SEATTLE.  W A (OCEAN  ENG  RSCH  LAB.  GRAY);  SEArn.E. 
WA  (PACIFIC  MARINE  ENVIRON.  LAB..  HAl.PERN);  Seatlle  WA(E,  Linger) 

UNIVERSITY  OF  WISCONSIN  Milwaukee  W1  (Ctr  of  Great  Lakes  Studies) 

URS  RESEARCH  CO.  LIBRARY  SAN  MATEO.  CA 
ALFRED  A,  YEE  & ASSOC.  Honolulu  HI 
AMETEK  Offshore  Res.  & Engr  Div 
ARCAIR  CO.  D,  Young.  Lancaster  OH 
ARVIDGRANT  OLYMPIA.  W A 
ATLANTIC  RICHFIELDCO.  DALLAS.  TX  (SMITH ) 

AUSTRALIA  Dept.  PW  (A.  Hicks).  Melbourne 
BECHTELC ORP.  SAN  FRANCISCO.  CA  ( PHEl. PS) 

BELGIUM  HAECON.  N.V  .Genl 

BETHLEHEM  STEELCO  BETHLEHEM.  PA(.STEELE) 

BRAND  IN  DUS  SERV  INC.  J.  Buehler,  Hacienda  Heights  CA 
BRIIISH  EMBA.SSYSci.  A Tech.  Depl.lJ.  McAuley).  Washington  IX' 

BROW  N & ROOT  Houston  TX(D.  Ward) 

CANADA  Can-Dive  Services  ( English)  North  Vancouver;  Library.  Calgary.  Alberta;  Lockheed  Pelro.  Serv.  Ltd.  New 
Westminster  B.C.;  L(K'khccd  Petrol.  Srv.  l.td..  New  Westminster  BC';  Mem  Univ  Ncwfoundland(Chari).  St  Johns; 
Surveyor.  Nenninger  & Cheneveri  Inc..  Montreal 
CF  BRAUN  CO  DuBouchet.  Murray  Hill.  NJ 
CHEMEDCORP  Lake  Zurich  IL  (Dearborn  Chem.  Div. Lib.) 

C HEVRON  OIL  FIELD  RESEARC  H CO  LA  HABRA,  C A (BROOKS) 

COLUMBIA  GULF  TRANSMISSION  C'O.  HOUSTON.  TX  (ENG  LIB  ) 

C'ONC  RETE  TECHNOLCXiYCORP  I ACOMA,  W A(ANDERSON) 

DII.I.INCiHAM  PRECAST  F McHale.  Honolulu  HI 
DRAVO  CORP  Pittsburgh  PA  (Ciiannino);  Pittsburgh  PA  (Wright) 

NORW  AY  DE  L NORSKE  VERITAS  ( Library).  Oslo 
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KVALU  ATION  ASSOC.  INC  KING  OF  PRUSSIA.  PA  (FEDELE) 

EXXON  PRODUCTION  RESEARCH  CO  Houston,  TX  (Chao) 

FORD,  BACON  & DAVIS.  INC.  New  York  (Library) 

FRANCE  Dr.  Dutertre.  Boulogne;  L.  Pliskin,  Paris;  P.  Jensen,  Boulogne;  Roger  LaCroix,  Paris 
GENERAL  DYNAMICS  Elec.  BoatDiv.,  Environ.  Engr(H.  Wallman),  Groton  CT 
GEOTECHNICAL  ENGINEERS  INC.  Winchester.  MA(Paulding) 

GI.IDDEN  CO.  STRONGSVILLE,  OH  (RSCH  LIB) 

GLOBAL  MARINE  DEVELOPMENT  NEWPORT  BEACH,  CA  (HOLLETT) 

GOULD  INC.  Shady  Side  MD(Ches.  Inst.  Div.,  W.  Paul) 

GRUMMAN  AEROSPACE  CORP.  Bethpage  NY  (Tech.  Info.  Ctr) 

HALEY  & ALDRICH.  INC.  Cambridge  MA (Aldrich.  Jr.) 

ITALY  M.  Caironi,  Milan;  Sergio  Tattoni  Milano;  Torino  (F.  Levi) 

MAKAI  OCEAN  ENGRNG  INC.  Kailua,  HI 

KENNETH  TATOR  ASSOC  CORAOPOLIS.  PA  (LIBRARY) 

KOREA  Korea  Rsch  Inst.  Ship  & Ocean  (B.  Choi),  Seoul 

LAMONT-DOHERTY  GEOLOGICAL  OBSERV.  Palisades  NY  (McCoy);  Palisades  N Y (Selwyn) 

LIN  OFESHORE  ENGRG  P.  Chow.  San  Francisco  CA 

LOCKHEED  M ISSILES  & SPACE  CO.  INC.  Mgr  Naval  Arch  & Mar  Eng  Sunnyvale.  CA;  Sunnyvale  CA 
(Rynewicz);  Sunnyvale,  CA  (Phillips) 

LOCKHEED  OCEAN  LABORATORY  SAN  DIEGO.  CA  (PRICE) 

MARATHON  OIL  CO  Houston  TX  (C.  Seay) 

MARINE  CONCRETE  STRUCTURES  INC.  MEFAIRIE.  LA  (INGRAHAM) 

MCCLELLAND  ENGINEERS  INC  Houston  TX  (B.  McClelland) 

MCIXJNNEL  AIRCRAFT  CO.  Dept  .SOI  (R.H.  Fayman).  St  Louis  MO 
MEDALL  & ASSOC.  INC.  J.T.  GAFFEY  II  SANTA  ANA,  CA 
MEXICO  R.  Cardenas 

MOBIL  PIPE  LINE  CO.  DALLAS,  TX  MGR  OE  ENGR  (NOACK) 

MUESER.  RUTLEDGE.  WENTWORTH  AND  JOHNSTON  NEW  YORK  (RICHARDS) 

NEW  ZEALAND  New  Zealand  Concrete  Research  Assoc.  (Librarian).  Porirua 
NEWPORT  N EWS  SHIPBLDG  & DRYDOCK  CO.  Newport  News  V A (Tech.  Lib.) 

NORWAY  A.  Torum,  Trondheim;  DET  NORSKE  VERITAS  (Roren)  Oslo;  1.  Foss,  Oslo;  J.  Creed.  Ski;  J.D.  Holst. 

Oslo;  Jakobsen.  Oslo;  Norwegian  Tech  Univ  (Brandtzaeg).  Trondheim 
(XTEAN  DATA  SYSTEMS.  INC.  SAN  DIEGO,  CA  (SNODGRASS) 

(K  EAN  ENGINEERS  SAUSALITO.  CA  (RYNECKl) 

(K  EAN  RESOURCE  ENG.  INC.  HOUSTON,  TX  (ANDERSON) 

(JFFSHORE  DEVELOPMENT  ENG.  INC.  BERKELEY,  CA 
PACIFIC  MARINETECHNOLOGY  LONG  BEACH.  CA(WAGNER) 

PORTLAND  CEMENT  ASSOC.  SKOKIE,  IL  (CORELY);  SKOKIE,  IL  (KLIEGER);  Skokie  IL  (Rsch  & Dev  Lab, 
Lib.) 

PRESCON  CORPTOWSON,  MD (KELLER) 

PUERTO  RICO  Puerto  Rico(Rsch  Lib.),  Mayaquez  P R 
RJ  BROWN  ASSOC  (McKeehan),  Houston,  TX 
RANDCORP.  Santa  MonicaCAIA.  Laupa) 

RAYMOND  INTERNATIONAL  INC.  E Colle  Soil  Tech  Dept,  Pennsauken.  NJ 
RIVERSIDE  CEMENT  CO  Riverside  CA  (W.  Smith) 

SANDIA  LABORATORIES  Library  Div..  Livermore  CA 
SCHUPACK  ASSOC  SO.  NORWALK,  CT(SCHUPACK) 

SEAFOOD  LABORATORY  MOREHEADCITY.  NC(LIBRARY) 

SEATECH  CORP.  MIAMI.  FL  (PERONI) 

SHELL  DEVELOPMENT  CO.  Houston  TX  (C.  Sellars  Jr.) 

SHELL  OIL  CO.  HOUSTON.  TX  (MARSHALL);  Houston  TX  (R.  de  Castongrene) 

SOUTH  AMERICA  N.  Nouel,  Valencia.  Venezuela 
SWEDEN  GeoTech  Inst;  VBB  (Library).  Stockholm 
TECHNICAL  COATINGS  CO  Oakmont  PA  (Library) 

TIDEWATER  CONSTR.  CO  Norfolk  VA(Fowler) 

TRWSYSTEMSCLEVELAND,  OH(ENG.  LIB  );  REDONDO  BEACH,  CA  (DAI) 

UNITF;D  KINGDOM  British  Embassy  (Info.  Offr).  Washington  DC;  Cement  & Concrete  Assoc  (G.  Somerville) 
Wexham  Springs.  Slou;  Cement  & Concrete  Assoc.  (Library).  Wexham  Springs.  Slough;  Cement  & Concrete 
Assoc,  (Lit.  Ex).  Bucks;  D,  Lee,  London;  D.  New,  G.  Maunsell  & Partners,  London;  Library,  Bristol;  Shaw  & 
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Hatton  (F.  Hansen),  London;  Taylor,  Woodrow  Constr  (0I4P),  Southall,  Middlesex;  Taylor,  Woodrow  Constr 
(Stubbs),  Southall,  Middlesex;  Univ,  of  Bristol  (R.  Morgan),  Bristol 
WESTINGHOUSF,  ELECTRIC  CORE,  Annapolis  MD(Oceanie  Div  Lib,  Bryan);  Library,  Pittsburgh  PA 
WISS,  J ANN EY,  ELSTNER,  & ASSOC  Northbrook,  IL  (J,  Hanson) 

WM  CLAPP  LABS  - BATTELLE  DLIXBURY,  MA  (LIBRARY );  Duxbury,  M A (Richards) 
W(X)DWARD-Cl.YDE  CONSULTANTS  PLYMOUTH  MEETING  PA  (CROSS,  III) 

ADAMS,  CAPT  (RET)  Irvine,  CA 
ANTON  TEDESKO  Bronxville  NY 
BRAHTZ  La  Jolla,  CA 

BRYANT  ROSE  Johnson  Div,  UOP,  Glendora  CA 

BULLOCK  La  Canada 

F.  HEUZE  Boulder  CO 

GREG  PAGE  EUGENE,  OR 

R.F.  BESIER  Old  Saybrook  CT 

R.Q.  PALMER  Kaitua,  HI 

SMITH  Gulfport,  MS 

T.W.  MERMEL  Washington  DC 

WM  TALBOT  Orange  CA 

CEC  Donofrio,  John  L,.  LT 
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